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A.  P.  Low,  Esq., 

Director,  Geological  Survey  of  Canada. 

Sir,— I  beg  to  transmit  herewith  the  second  edition  of  my  report 
on  the  geology,  physical  features  and  natural  resources  of  the  region 
in  the  vicinity  of  Lakes  Nipissing  and  Timiskaming,  comprising 
portions  of  the  district  of  Nipissing,  Ontario,  and  the  county  of 
Pontiac,  Quebec.  The  report  is  accompanied  by  two  maps,  each  on  a 
scale  of  four  miles  to  one  inch,  constituting  sheets  Nos.  130  and  138, 
respectively,  of  the  Ontario  series  of  geological  maps. 

My  grateful  acknowledgments  for  much  kind  assistance  are  due 
to  Mr.  W.  F.  Ferrier,  once  of  this  Survey,  as  lithologist,  to  whom 
was  entrusted  the  determination  and  description  of  many  of 
the  microscopic  sections,  especially  of  some  of  the  more  critical 
ones;  to  Dr.  F.  D.  Adams,  of  McGill  University,  Montreal, 
for  aid  and  advice  on  some  points  connected  with  the  petrography  of 
the  district;  to  Dr.  H.  M.  Ami  and  Mr.  L.  M.  Larabe,  of  this 
Survey,  for  their  examination  of  the  collections  made  from  the  several 
Palaeozoic  outliers  and  the  preparation  of  detailed  lists  of  the  fossils. 

Acknowledgments  are  also  due  to  Mr.  Colin  Rankin  and  Mr.  H.  K. 
Beeston,  of  the  Hudson's  Bay  Company,  who  did  everything  in  their 
power  to  forward  the  objects  of  the  exploration;  to  Messrs.  Frank 
Norris,  of  Baie  des  Peres,  John  Turner,  of  Timagami  lake,  and 
Stephen  Lafricain,  of  Bay  lake,  officera-in-charge  at  these  several 
places  or  posts  belonging  to  the  same  company ;  to  Mr.  M.  H.  McLeod, 
C.E.,  engineer-in-charge  of  the  construction  of  the  Timiskaming 
branch  of  the  Canadian  Pacific  railway,  and  also  to  Messrs.  J.  C. 
Bailey,  C.E.,  of  Toronto,  and  H.  K.  Wickstead,  C.E.,  of  Cobourg, 
engineers-in-charge  of  the  location  of  the  projected  Nipissing  and 
James  Bay  railway,  for  information  in  regard  to  elevations  at 
various  points  situated  along  or  in  the  vicinity  of  the  lines  repre- 
sented; to  Mr.  John  Mann,  of  Baie  des  PSres;  to  Messrs.  C.  C.  Farr 
and  P.  A.  Cobbold,  of  Haileybury;  to  Messrs.  J.  B.  and  R.  A.  Klock, 
of  Klock's  Mills;  to  the  Imperial  Lumber  Co.,  of  Warren,  Ont.;  to 
Capt.  Percy,  late  of  the  steamer  Meteor,  and  Capt  J.  O.  Blondin,  of 
the  steamer  Clyde,  on  Lake  Timiskaming,  and  many  others. 

I  have  the  honour  to  be,  Sir, 

Your  obedient  servant, 

ALFRED  ERNEST  BARLOW. 

Ottawa,  January,  1907. 
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REPORT 

(SECOND  EDITION-) 
ON  THE 

GEOLOGY  AND  NATURAL  RESOURCES 

OF  THB  AREA  INCLUDED  BY  THE 

NIPISSING  AND  TIMISKAMING  MAP-SHEETS 

OOMPBI9INO  PORTIONS  OF  THE 

District  of  Nipissing,  Ontario,  and  of  the  County  of  Pontiac,  Quebec 


INTRODUCTORY. 

The  following  report  treats  of  that  portion  of  the  district  of  Nipis- 
ging,  Ontario,  and  the  county  of  Pontiac,  Quebec,  lying  between  lati- 
tudes 46*  1^  21"  and  47°  36'  47"  north,  and  extending  from  longitude 
78°  49*  54"  to  longitude  80°  22*  26"  west  of  Greenwich.  This  area  is 
comprised  in  the  two  maps  accompanying  the  report,  known  as  the 
Nipissing  and  Timiskaming  sheets,  or  Nos.  131  and  138  respectively, 
of  the  Ontario  series  of  geological  maps,  on  a  6cale  of  four  miles  to 
one  inch.  The  district  which  each  map  represents  measures  seventy- 
two  miles  in  length  from  east  to  west,  and  forty-eight  miles  from 
north  to  south,  thus  embracing  an  area  of  3,456  square  miles,  or  a 
combined  area  of  6,912  square  miles.  The  Nipissing  sheet  includes 
nearly  thfe  whole  of  Lake  Nipissing  and  considerable  portions  of 
Lakes  Timagami,  Timiskaming  and  Kipawa,  the  boundary  between 
the  two  sheets  cutting  the  three  last-named  lakes  about  latitude  46° 
55'.  The  main  line  of  the  Canadian  Pacific  railway  traverses  the 
southern  part  of  the  Nipissing  sheet,  the  eastern  limit  crossing  the 
railway  between  Calvin  and  Eau  Claire  stations,  while  the  western 
boundary  is  situated  a  short  distance  west  of  Warren  station.  The 
town  of  North  Bay  is  the  most  populous  and  important  place,  and  is 
one  of  the  divisional  points  on  the  Canadian  Pacific  railway,  as  well 
as  the  present  terminus  of  the  Northern  division  of  the  Grand  Trunk 
railway,  although  the  actual  intersection  of  the  two  lines  is  at  Nipis- 
sing Junction,  three  miles  southeast  of  North  Bay.   The  Timiskam- 
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ing  and  Northern  Ontario  railway,  operated  by  a  Commission  ap- 
pointed by  the  Government  of  Ontario,  traverses  this  district  from 
south  to  north.  A  portion  of  the  border  of  the  map,  near  the  south- 
east corner,  has  been  broken  in  order  to  show  the  position  of  the  com- 
paratively old  and  important  town  of  Mattawa,  at  the  confluence  of 
the  Ottawa  and  the  Mattawa  rivers,  as  well  as  the  junction  of  the 
Timiskaming  and  Kipawa  branches  of  the  Canadian  Pacific  railway. 

The  Timiskaming  sheet  contains  the  northern  parts  of  lakes 
Timagami,  Timiskaming  and  Kipawa,  and  the  southern  portion  of 
Lac  des  Quinze.  The  Ottawa  river,  from  Mattawa  to  Lao  des  Quinze, 
flows  through  the  region  covered  by  the  two  maps,  the  deep-water 
channel  of  this  stream  forming  the  boundary  between  the  provinces  of 
Ontario  and  Quebec.  There  is  thus  an  area  of  about  1,780  square 
miles  situated  within  the  province  of  Quebec,  forming  part  of  the 
county  of  Pontiac,  while  the  remainder,  5,132  square  miles,  is  included 
in  the  district  of  Nipissing,  Ontario.  Of  tne  area  situated  in  the  pro- 
vince of  Quebec  only  about  260  square  miles  have  been  surveyed  into 
lots,  included  in  the  townships  of  Neudlac,  Guigues,  Baby,  Duhamel, 
Laverlochere,  Fabre  and  Gendreau,  bordering  on  Lake  Timiskaming; 
while  in  the  province  of  Ontario  an  area  of  about  1,911  square  miles 
has  been  laid  off  into  townships  and  lots,  the  greater  portion  of  which 
(1,685  square  miles)  is  contained  within  the  limits  of  the  Nipissing 
sheet.  The  greater  number  of  the  townships  on  the  Ontario  side  are  of 
the  more  recent  form  adopted  by  the  Crown  Lands  Department  of  that 
province,  and  measure  six  miles  square,  each  township  thus  embracing 
an  area  of  thirty-six  square  miles.  Every  township  is  divided  into  six 
concessions  by  east-and-west  lines,  run  astronomically,  which  are 
designated  by  the  Roman  numerals,  the  order  of  numbering  being 
from  south  to  north,  while  the  concessions  themselves  are  subdivided 
into  twelve  lots  by  true  north-and-south  lines,  which  carry  the  ordi- 
nary Arabic  figures.  Each  lot,  therefore,  measures  one  mile  from  north 
to  south  and  half  a  mile  from  east  to  west,  thus  containing  a  super- 
ficies of  320  acres.  Only  every  alternate  lot-line  is  cut  out  through 
the  bush,  the  intervening  boundary  being  simply  marked  by  a  post  on 
the  concession  line,  these  being  known  as  '  blind  lines.'  A  road  allow- 
ance occurs  every  mile,  coinciding  with  the  township,  concession,  and 
side  lines;  while  occasionally  the  'blind  lines'  are  utilized  for  this 
purpose.  The  lines  are  all  supposed  to  be  run  astronomically  east- 
and-west  or  north-and-south  as  the  case  may  be,  although  in  some  in- 
stances no  allowance  has  been  made  for  the  convergence  of  meridians, 
thus  giving  rise  to  considerable  error  and  confusion.  Bordering  the 
Mattawa  river  and  Lake  Nipissing,  as  well  as  on  the  western  shore  of 
Lake  Timiskaming,  the  townships  are  of  a  somewhat  larger  size,  cor- 
responding in  this  respect  with  those  of  southern  Ontario,  while  to 
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the  south  of  the  Mattawa  river  the  townships  belong  to  the  older  set, 
both  in  regard  to  size  and  the  direction  of  their  outlines  and  lines  of 
subdivision. 

On  the  Quebec  side  the  townships  seem  to  have  no  regular  or  stated 
size,  and  while  the  lines  are  astronomical  their  direction  is  deter* 
mined  by  the  general  trend  of  the  water-front.  As  a  consequence,  the 
lines  of  subdivision  in  the  townships  of  Guigues,  Duhamel,  &c.,  are 
all  run  north-and-south  or  east-and-west  respectively,  as  the  upper 
portion  of  Lake  Timiskaming  has,  in  general,  a  north-and-south  direc- 
tion, while  the  township  boundaries  and  side-lines  of  Gendreau  and 
other  townships  situated  in  the  southern  part  of  Lake  Timiskaming 
have  a  direction  of  N.  60°  E.  or  at  right  angles  to  the  general  trend 
of  the  lake  in  this  vicinity,  which  is  thirty  degrees  east  of  south.  The 
distance  between  concession-lines  is  slightly  over  a  mile,  but  the  lots 
themselves  are  much  narrower  than  those  on  the  Ontario  side,  each 
being  designed  to  contain  about  100  acres,  although  in  many  instances 
this  area  is  much  diminished  or  increased.  The  concessions  are 
denoted  by  the  Roman  numenls,  while  the  ordinary  figures  are 
applied  to  the  lots.  Occasionally,  both  in  Ontario  and  Quebec,  the 
letters  of  the  alphabet  have  been  used  to  designate  the  concessions. 

The  preliminary  part  of  the  work  in  this  district  was  done  in  1887- 
88,  while  acting  under  instructions  from  Dr.  R.  Bell,  as  his  assistant; 
but  only  about  two  months  of  each  season  were  devoted  to  this  work, 
and  by  far  the  greater  portion  of  this  time  was  occupied  in  some  of 
the  many  detailed  surveys  necessary  in  a  region  concerning  which  but 
little  had  hitherto  been  known.  This  topographical  survey  was,  of 
course,  accompanied  by  as  many  observations  regarding  the  nature 
and  distribution  of  the  various  rock  formations  encountered  as  was 
possible  in  a  survey  of  the  kind.  , 

The  more  pressing  nature  of  the  work  in  connexion  with  the  Sud- 
bury mining  district  caused  my  removal  from  this  field  to  assist  Dr. 
Bell  in  tracing  out  the  geological  and  topographical  details  necessary 
for  the  map  and  report  concerning  that  region,  so  that  work  was  not 
resumed  on  the  Nipissing  and  Timiskaming  sheets  until  1892.  The 
bulk  of  the  work  on  these  two  maps  was  accomplished  between  1892 
and  1894,  although  about  two  months  of  the  season  of  1895  was 
required  to  complete  it.  It  was  found  necessary  to  make  a  large 
number  of  topographical  surveys,  especially  in  the  northern  part  of 
the  district,  and  this  portion  of  the  work  occupied  by  far  the  greater 
portion  of  our  time  and  attention;  but  the  detailed  results  thus 
obtained  have  added  largely  to  our  geographical  knowledge  of  a 
region. of  which  the  physical  features  were  but  rudely  represented,  if 
at  all,  on  the  maps  hitherto  published. 

The  distances  were  measured  with  a  Rochon  micrometer  telescope, 
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while  the  direction  was  determined  by  prismatic  compass.  The  dis- 
tances thus  obtained  from  point  to  point  were  further  utilized  as  bases 
for  a  compass  triangulation,  by  which  the  position  of  many  of  the 
smaller  islands  and  some  of  the  more  conspicuous  points  on  the  main- 
land, otherwise  inaccessible,  were  defined  with  sufficient  accuracy. 
About  the  middle  of  July,  1887,  agreeably  with  instructions  received 
from  Dr.  Bell,  then  in  charge  of  the  work  in  the  district  of  Nipissing, 
I  proceeded  from  Lake  Timiskaming  by  way  of  the  Matabitchouan 
river  and  Rabbit  lake  to  Timagami  lake,  in  order  to  complete  a  de- 
tailed topographical  and  geological  survey  of  that  lake.  This  survey 
was  commenced  on  July  23rd.  The  work  was  considerably  retarded 
owing  to  the  frequent  presence  of  smoke  caused  by  the  unusually  large 
number  of  bush  fires,  and  on  many  days  this  smoke  was  so  dense  as  to 
render  all  attempts  at  surveying  quite  useless.  Another  cause  which 
militated  very  greatly  against  the  rapid  and  successful  prosecution  of 
the  work  during  this  and  succeeding  seasons  was  the  difficulty  in  pro- 
curing and  retaining  the  services  of  suitable  canoemen.  In  spite  of 
these  drawbacks,  however,  the  survey  of  Timagami  lake  was  finished 
by  September  15th,  when  a  similar  survey  was  undertaken  of  the 
route  by  way  of  White-bear  and  Rabbit  lakes  and  the  Matabitchouan 
river  to  Lake  Timiskaming.  During  the  summer  of  1888  these  sur- 
veys were  continued,  but  scarcely  two  months  of  the  season  were 
devoted  to  field  operations  in  this  region.  During  this  time,  however, 
considerable  progress  was  made  in  the  topographical  measurements  of 
many  of  the  principal  lakes,  among  the  more  important  of  which  may 
be  mentioned  Cross  lake,  the  northern  part,  of  Obabika  lake,  route 
from  the  north  arm  of  Lake  Timagami  by  way  of  Red-f»quirrel  and 
Annima-Nipissing  lakes  to  Bay  lake  on  the  Montreal  river,  as  well  as 
of  many  minor  sheets  of  water  to  the  north  and  northeast  of  Tima- 
gami lake. 

In  1892  the  survey  and  examination  of  the  Nipissing  district  was 
resumed,  with  instructions  from  the  Director  to  make  whatever  sur- 
veys were  deemed  necessary  for  maps  and  a  report  of  an  approximately 
final  character.  An  epitomized  statement  of  the  general  progress  of 
the  work  has  been  given  each  year,  in  which  mention  is  also  made  of 
the  various  topographical  surveys  accomplished  each  season,  in  the 
four  Summary  Reports  of  1892  to  1895  *  During  1892  and  1893  I 
was  ably  assisted  by  Mr.  J.  F.  E.  Johnston,  upon  whom  devolved  the 
greater  part  of  the  topographical  work  done  during  these  two  years. 
In  1888,  and  again  in  1893  and  1894,  I  was  accompanied  by  Mr. 
A.  M.  Campbell,  of  Perth.  During  the  season  of  1893  I  had  like- 
wise the  advantage  of  the  assistance  of  Mr.  E.  M.  Burwash,  of  Victoria 
University,  Toronto. 
For  cartographical  purposes,  the  various  base,  meridian  and  town- 


B»riowl       EARLY  EXPLORATIONS  AND  PREVIOUS  SURVEYS  9 1 

ship  lines  run  by  the  Crown  Lands  Departments  of  Ontario  and  Que- 
bec have  been  utilized,  and  serve  as  excellent  checks  and  corrections 
to  the  errors  necessarily  incident  to  a  micrometer  and  compass  sur- 
vey. The  geographical  features  of  the  area  covered  by  the  surveyed 
townships  have,  in  the  main,  been  adopted,  supplemented,  however, 
in  many  cases  by  additions  and  corrections  of  our  own,  which  were 
sometimes  found  necessary.  This  information  was  chiefly  available  in 
the  area  of  the  Nipissing  sheet,  where  over  half  the  area  has  been 
divided  into  townships,  and  these  in  turn  subdivided  into  concessions 
and  lots.  Besides  these  a  number  of  surveys  of  a  more  general  charac- 
ter have  been  made,  the  manuscripts  and  published  plans  of  which 
have  been  found  of  much  assistance  in  the  general  compilation,  as 
well  as  in  furnishing  details  in  many  cases  not  otherwise  obtainable. 
Among  the  more  important  of  these  plans  the  following  may  be 
mentioned:  Murray's  survey  of  Lake  Nipissing  and  the  Sturgeon 
river,  and  Logan's  survey  of  the  Mattawa  river,  published  in  the  folio 
atlas  to  accompany  the  Report  of  this  Survey  of  1853-56.  Murray's 
survey  of  Lake  Nipissing,  however,  did  not  show  sufficient  detail  in 
the  western  portion  of  the  lake,  so  that  a  re-survey  was  carried  out 
early  in  1892.  Austen's  map  of  the  Timagami  river,  with  accom- 
panying traverses  made  for  the  purpose  of  ascertaining  the  most 
feasible  route  for  the  location  of  a  transcontinental  railway  line, 
has  also  been  used.  Forrest's  survey  of  the  Montreal  river  was  found 
excellent  for  all  purposes  for  which  it  was  required.  Messrs.  ODwyier 
and  CHanley's  survey  of  the  Ottawa  river  and  Lake  Timiskaming, 
to  delineate  the  boundary  line  between  Ontario  and  Quebec,  was 
found  to  be  thoroughly  reliable,  while  the  Canadian  Pacific  Railway 
surveys  enabled  us  to  locate  the  exact  position  of  the  railway  line. 

Early  Explorations  and  Previous  Surveys. 

The  history  of  the  exploration  of  the  region  in  the  vicinity  of  the 
Upper  Ottawa  and  Mattawa  rivers  dates  back  almost  to  the  first 
settlement  of  Canada  by  the  French.  The  almost  invariable  presence 
of  detached  parties  of  the  war-like  and  much  dreaded  Iroquois  in  the 
region  immediately  adjacent  to  the  upper  St.  Lawrence  usually  for- 
bade the  utilization  of  this  main  artery  as  a  route  towards  the  west, 
so  that  in  most  instances  the  more  peaceable,  though  more  circuitous, 
passage  by  way  of  the  Mattawa  and  the  upper  Ottawa  rivers  was  the 
only  practicable  channel  of  communiction  between  the  scattered 
French  settlements  on  the  Lower  St.  Lawrence  and  the  populous 
villages  of  the  Hurons  and  other  friendly  Indian  tribes  inhabiting 
the  region  in  the  vicinity  of  Georgian  bay  and  Lake  Simooe.   It  is, 

•  Summary  Report,  Geol.  Surv.  Can.,  1892.  Part  A,  pp.  34*35.  1893,  Part  A, 
pp.  SO-33.   1894,  Part  A,  pp.  56-57.   1895.  Part  A,  pp.  61-68. 
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therefore,  not  surprising  to  find  that  the  various  physical  features 
presented  in  the  regions  in  the  vicinity  of  those  streams  were  at  a  very 
early  date  among  the  best  known,  being  especially  familiar  to  the  mis* 
sionary  and  fur-trader,  whose  avocations  forced  them  to  make  con- 
stantly recurring  visits  to  the  outposts  already  established  in  the  dis- 
tant west  and  northwest  The  most  prominent  of  these  geographical 
features  were  appropriately  designated,  and  most  of  the  names  then 
bestowed  upon  the  numerous  rapids,  portages,  &c.,  are  still  retained 
in  common  use  throughout  the  district. 

The  sheltered  nature  of  its  water-stretches,  its  comparative  freedom 
from  molestation,  as  well  as  its  directness  as  a  route  to  the  great  lakes 
and  beyond,  formed  powerful  inducements  in  favour  of  the  original 
selection  of  the  Ottawa  and  Nipissing  route,  at  a  time  when  the  birch- 
bark  canoe  was  the  chief,  and  often  the  only,  method  of  communica- 
tion. The  advent  of  steamboat  navigation  on  the  St.  Lawrence  river 
and  the  great  lakes,  however,  as  well  as  the  building  of  the  St.  Law- 
rence canals,  has  during  the  present  century  caused  this  route  to  fall 
into  comparative  disuse.  The  recently  revived  proposal  to  make  use 
of  these  water-courses  for  purposes  of  modern  navigation  by  the 
building  of  canals  to  overcome  the  obstructing  rapids  seems  likely 
again  to  bring  this  district  into  prominence. 

Soon  after  his  arrival  in  this  country,  Samuel  de  Champlain,  who 
was  by  nature  more  of  an  explorer  and  adventurer  than  a  builder  of 
colonies,  determined  on  an  examination  of  the  headwaters  of  the 
Ottawa  and  beyond.  He  was  all  the  more  eager  to  undertake  this 
investigation  as  a  young  man,  Nicolas  du  Vignau,  had  just  returned, 
in  1612,  after  a  year's  absence  among  the  Ottawa  Indians,  with  a  most 
wonderful  tale.  He  claimed,  during  his  absence,  to  have  discovered  a 
passage  by  way  of  the  Upper  Ottawa  to  the  shores  of  a  northern  sea 
to  which  he  had  penetrated  and  there  beheld  the  wreck  of  an  English 
ship.  The  apparent  clearness  and  consistency  of  the  story  deceived 
Champlain,  who  fancied  that  he  might  thus  find  the  much  coveted 
road  to  China  and  Japan.  Towards  the  end  of  May,  1613,  Champlain, 
accompanied  by  this  Du  Vignau,  ascended  the  Ottawa  as  far  as  Lake 
Coulonge,  where  he  was  reluctantly  dissuaded  by  the  resident  natives 
from  proceeding  farther.  They  urged,  as  their  main  excuse  for  not 
seeming  willing  to  guide  him,  the  many  insuperable  difficulties  to  be 
encountered  on  the  route,  as  well  as  the  reputed  fierceness  and  witch- 
craft of  the  Nipissing  Indians,  through  whose  country  it  was  neces- 
sary to  pass.  Here  also  he  learned  that  the  whole  story  of  Du 
Vignau's  pretended  discoveries  was  a  fabrication,  and  that  far  from 
undertaking  any  such  important  journey  as  reported  he  had  resided 
continuously  and  quietly  at  the  village  during  the  entire  period  of 
his  absence  from  civilization.    This  information,  which  was  subse- 
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quently  corroborated  by  Du  Vignau's  own  tardy  confession,  enraged 
and  disheartened  Champlain,  who,  convinced  of  the  fruitlessness  of 
any  further  effort  at  the  time  in  this  direction,  returned  to  Montreal, 
and  subsequently  to  France. 

Early  in  1615,  however,  Champlain  returned  to  Canada,  bringing 
with  him  four  Recollets,  one  of  whom,  Father  Joseph  Le  Caron,  was 
destined  for  missionary  work  among  the  Huron  Indians.  Arriving 
at  Montreal  he  found  a  large  concourse  of  Indians  already  assem- 
bled, who  had  come  hither  from  their  homes  in  the  vicinity  of  Lake 
Simcoe.  These  savages,  always  more  eager  for  temporal  than  spiri- 
tual help,  again  pressed  Champlain  to  aid  them  against  their  heredi- 
tary foe,  the  formidable  Iroquois.  Deeming  it  expedient  at  the  time 
to  comply  with  this  oft-repeated  request,  Champlain  hurriedly 
descended  to  Quebec  to  make  the  necessary  preparations,  leaving 
Le  Caron  and  some  of  his  compatriots  with  the  assembled  Indians  to 
await  his  return.  During  Champlain's  absence,  however,  the  Indians 
decided  to  go  back  forthwith  to  their  own  home  without  him,  and 
accompanied  by  Le  Caron  and  his  associates  commenced  the  ascent 
of  the  Ottawa  river.  When  Champlain  returned  to  Montreal  and 
found  the  place  deserted  he  immediately  hurried  after  them,  pursu- 
ing the  usual  course  up  the  Ottawa  and  Mattawa  rivers,  over  the 
height-of-land  to  Lake  Nipissing  and  thence  down  the  French  river 
to  Lake  Huron.  Champlain  was  thus  the  first  European,  with  the 
exception  of  the  humble  friar  who  had  only  just  preceded  him  by  a 
few  days,  to  gaze  on  the  waters  of  Lake  Huron,  which  he  christened 
*  Mer  Douce.' 

Champlain's  map  of  New  France,  which  was  made  in  1632,  in- 
cluded all  sketches  and  surveys  from  1603  to  1629.  Only  the  main 
routes  of  travel  are  represented,  while  the  whole  map  exhibits,  in  a 
very  rough  manner,  the  salient  physical  features  encountered  during 
the  progress  of  these  journeys  and  explorations.  Lake  Nipissing  is 
called  'Lac  de  Biserinis,'  while  a  rude  outline  of  the  Ottawa  river 
above  its  confluence  with  the  Mattawa  is  given  that  must  have  been 
drawn  from  information  supplied  by  the  Indians. 

The  exploration  of  this  district,  as  of  others  elsewhere  throughout 
Canada,  is  inseparably  bound  up  with  the  history  of  the  fur  trade, 
the  successful  prosecution  and  extension  of  which  required  the  con- 
stant addition  of  new  territory.  We  thus  find  that  many  of  the  first 
exploratory  expeditions  were  often  undertaken  by  adventurers  at 
their  own  expense,  with  the  promise  of  various  marks  of  distinction 
from  those  in  authority  in  case  of  the  success  of  their  undertakings, 
while  fur-trading  licenses  were  granted  to  enable  mese  men  to  in- 
demnify themselves  for  their  pecuniary  outlay. 
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The  limits  of  this  traffic  were  quickly  extended  both  northward 
and  westward,  and  we  find  by  reference  to  Delisle's  map  (1703)  that 
the  French  then  had  a  post  (Fort  des  Abitibis)  north  of  the  height- 
of-land  on  the  river  Abitibi.  This  post,  according  to  the  memorial 
of  Begon,*  was  the  most  advanced  station  of  the  French  toward 
Hudson  bay.  From  this  same  memorial  it  also  appears  certain  that 
the  route  northward  by  way  of  Lake  Timiskaming  and  the  Abitibi 
river  (Monsony  or  Monsipy)  was  one  of  the  best  known,  although 
the  French  traders  avoided  the  immediate  vicinity  of  Hudson  bay 
in  order  not  to  expose  themselves  to  the  insults  of  the  Indians  who 
were  friendly  to  and  traded  with  the  English  posts  already  estab- 
lished in  that  vicinity.  It  does  not  seem  unreasonable  to  suppose, 
therefore,  that  some  of  the  expeditions  despatched  by  the  Governors  of 
Canada  toward  the  close  of  the  seventeenth  century,  to  take  posses- 
sion of  Hudson  bay,  adopted  this  well  known  route  by  way  of  the 
Upper  Ottawa  and  Abitibi  rivers.  All  the  earlier  maps  indicate  many 
of  the  streams  flowing  northward  from  the  height-of-land  into  James 
bay  with  tolerable  accuracy,  thus  showing  that  the  early  voyageurs 
were  well  acquainted  with  this  portion  of  the  country. 

Fort  Timiskaming  must  have  been  one  of  the  first  posts  estab- 
lished by  the  Northwest  Company,  if  not  acquired  after  its  abandon- 
ment by  the  French,  for  Mr.  Koderic  Mackenzie,  a  clerk  in  this 
Company,  who  wrote  '  A  General  History  of  the  Fur  Trade/f  which 
forms  the  opening  chapter  of  Sir  Alexander  Mackenzie's  Travels  in 
North  America,  says:  'Lake  Timiskaming,  where  there  has  always 
been  a  trading  post,'  while  one  of  the  buildings  which  had  been  used 
as  a  storehouse  and  which  was  removed  only  a  few  years  ago,  bore 
dates  on  the  large  cedar  beams  which  pointed  to  its  erection  some 
time  near  the  close  of  last  century. 

Fort  Timiskaming  afterwards  became  the  headquarters  of  the 
Hudson's  Bay  Company  in  this  district,  containing  the  residence  of 
the  Chief  Factor  and  all  the  necessary  adjuncts  in  the  shape  of  build- 
ings, &c,  which  usually  go  to  make  up  a  well  equipped  establishment, 
forming  one  of  the  most  important  centres  of  the  fur  trade,  and  con- 
taining, besides,  a  library  embracing  many  volumes  on  science,  travels 
and  general  literature.  In  1888,  howevrr,  this  post,  ;0  long  established, 
was  abandoned,  and  a  small  store  was  erected  at '  The  Point '  near  the 
village  of  Baie  des  Peres,  which  was  found  more  convenient  for  pur- 
poses of  general  trading;  while  the  opening  up  of  the  Canadian 
Pacific  railway  had  previously  caused  the  removal  of  the  head- 
quarters to  Mattawa. 

*Memolre  de  Begon.  Oct.  20  1725,  qui  expllque  lee  aneiennes  limltes  du 
poste  de  TemlBcamlngue. 

tVoyages  from  Montreal  through  the  Continent  of  North  America  to  the 
Frozen  and  Pacific  Oceans  in  the  years  1789  and  1793.   London,  1801.   p.  xxxlv. 
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Timagami  post,  now  situated  on  the  west  side  of  Bear  ialand  on 
Lake  Timagami,  was  moved  to  its  present  site  in  1875,  on  account  of 
the  opening  of  an  opposition  fur-trading  establishment  owned  by 
Alexander  Dukis,  who  soon  left  his  stronger  rival  in  undisputed  pos- 
session of  the  place.  Before  its  removal  thence  this  post  was  located 
on  the  shores  of  a  small  cove  on  the  south  side  of  Timagami  island, 
and  ruins  of  the  buildings  are  still  visible  at  this  place.  Fort  Wrath, 
of  which  the  tumbled-down  buildings  may  even  now  be  noticed  on 
the  east  shore  of  Lake  Timiskaming  about  a  mile  above  Piche  point, 
was  built  to  overcome  the  rival  post  operated  by  Mr.  Edward  Piche, 
who  still  resides  at  his  farm  on  the  point  which  bears  his  name.  This 
place  was  kept  open  for  a  few  years  only,  when  the  necessity  for  its 
presence  ceased.  The  somewhat  important  post  near  the  mouth  of  the 
Sturgeon  river  continued  actively  engaged  in  trade  with  the  Indians 
until  the  opening  of  the  railway,  when  it  gradually  fell  into  disuse  and 
was  finally  abandoned  altogether  about  the  year  1890.  Hunters  Lodge, 
originally  a  trading  establishment,  situated  on  Hunters  narrows  in 
Kipawa  lake,  was  abandoned  about  the  same  time.  At  several  points 
on  the  Ottawa  river  and  the  lower  portions  of  Lake  Timiskaming, 
temporary  posts  were  erected  from  time  to  time,  but  these  were  of 
no  permanent  importance,  and  when  the  reasons  which  brought  them 
into  existence  disappeared,  they  were  given  up  and  forgotten.  Build- 
ings originally  erected  in  1887,  and  designed  for  storage  purposes  on 
Bay  lake,  an  expansion  of  the  Montreal  river,  have  since  been  raised 
to  the  dignity  of  a  post  with  an  officer  in  charge.  At  present,  in 
the  area  of  the  accompanying  map-sheets,  there  are  only  three  estab- 
lishments, Timagami,  Bay  lake  and  Long  point  (on  '  Quinze  lake'), 
which  receive  any  great  quantity  of  furs,  tlthough  a  considerable 
number  of  skins  come  in  casually  to  the  posts  at  Mattawa  and  Baie 
des  Peres  during  each  year.  Of  these  Timagami  is  the  most  im- 
portant, but  the  gradual  opening  up  of  considerable  areas  in  this 
district  to  settlement,  and  the  diminution  in  point  of  number  both  of 
the  fur-bearing  animals  and  the  Indians  who  are  chiefly  engaged  in 
their  capture,  is  already  having  a  marked  effect,  showing  a  gradual, 
or  in  some  cases  a  rapid,  decrease  in  the  number  of  skins  annually 
brought  to  market. 

The  opening  chapters  of  Mackenzie's  narrative,  previously  men- 
tioned, give  a  brief  description  of  the  route  generally  pursued  by  the 
fur-trading  canoes  in  gaining  access  to  the  various  forts  and  trading 
posts  of  the  interior.  The  rapids  and  portages  of  the  Mattawa  are 
enumerated,  the  names  in  most  cases  being  the  same  as  those  in  use 
at  the  present  time,  although  the  river  itself  is  here  called  Petite 
riviere.   Nepisingui  (Nipiasing)  lake  is  also  mentioned,  and  a  short 
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account  given  of  the  Riviere  des  Francois.*  The  first  geological 
account  of  the  region  in  question  was  that  of  Dr.  J.  J.  Bigsby,  who 
had  come  to  Canada  as  medical  officer  to  a  regiment.  About  the  year 
1S20  he  received  an  appointment  from  the  Colonial  Government  to 
make  a  general  report  on  the  geology  of  Upper  Canada,  the  absurdly 
small  sum  of  twenty-six  pounds,  as  he  informs  us,  being  granted  as 
pecuniary  aid  to  carry  out  this  extensive  undertaking.  Dr.  Bigsby 
first  made  an  examination  of  the  Ottawa,  Mattawa  and  French  rivers, 
together  with  Lake  Nipissing,  having  been  granted  a  free  passage  to 
Snult  Ste.  Marie  in  one  of  the  Northwest  Company's  canoes.  He  gives 
a  good  account  of  the  Ottawa  river  itself  and  of  the  country  adjoin- 
ing this  stream,  and  mentions  that  the  Mattawa  river,  which  was 
the  western  branch  of  the  Ottawa,  often  called  the  Little  Ottawa,  wns 
known  as  the  Tessouac  river  by  the  Indians.  The  occurrence  of 
crystalline  limestones  at  the  Talon  chute  is  noticed,  among  other 
interesting  facts.  The  position  of  'La  Ronde,'  a  Northwest  Com- 
pany's post,  is  noted  as  being  situated  at  the  mouth  of  the  Vase  river, 
as  well  as  its  subsequent  removal  to  one  of  the  islands  in  Lake  Nipis- 
sing.f 

During  the  progress  of  the  magnetic  survey  of  British  North 
America,  executed  between  1842-1844  by  Sir  J.  H.  Lefroy,  various 
observations  were  taken  in  this  region  to  ascertain  the  magnetic 
variation,  while  latitudes  were  obtained  at  the  following  places: 
Hudson's  Bay  Company's  post,  Mattawa;  First  portage  on  Little 
(Mattawa)  river,  Lake  Temisique  (Lower  Trout  lake);  Lake  de 
Talon  or  Lake  Walrond ;  Trout  lake,  formerly  called  Lake  de  Qrande 
Va6e;  Height-of-land  portage,  towards  Lake  Nipissing;  and  Cross 
point  on  the  south  shore  of  Lake  Nipissing,  where  a  cross  had  been 
erected  to  commemorate  some  fatal  accident* 

For  many  years  the  region  in  the  vicinity  of  the  Upper  Ottawa 
river  was  comparatively  unknown,  except  to  the  occasional  traveller 
and  missionary,  and  to  those  engaged  in  the  fur  trade,  whose  busi- 
ness necessitated  constant  journeying  to  and  fro  along  the  main 
canoe-routes.  In  time,  however,  the  almost  inexhaustible  supply  of 
valuable  timber  known  to  exist  in  this  district  attracted  the  atten- 
tion of  the  enterprising  lumberman,  whose  operations  were  so  quickly 
extended  northwestward  that  by  the  year  1845  we  find  that  lumber 
camps  were  in  full  operation  in  the  vicinity  of  the  Opimika  narrows 
(the  'Galere')>  while  some  two  or  three  years  previously  red  pine 
timber  had  been  cut  on  Lake  Timiskaming  several  miles  above  the 
Narrows  at  the  Hudson's  Bay  Company's  post  These  lumbering  out- 

*See  pp.  xxxiv.  and  xxxv.   Mackenzie'*  Voyage*. 

+Sboe  and  Canoe,  vol.  I.   London,  1850.  pp.  105  to  171. 

•See  Lefroy'e  Magnetic  Surrey  of  the  Dominion  of  Canada.   London.  1883. 
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posts,  however,  were  for  the  purpose  of  cutting  red  pine  alone,  the 
value  of  which  at  this  time  caused  it  to  be  sought  for  at  greater  dis- 
tances than  the  white  pine;  for  previous  to  this  no  white  pine  had 
been  cut  higher  than  Bennett  brook,  on  the  Ottawa  river. 

The  first  really  accurate  delineation  of  the  topographical  features 
within  the  area  comprised  by  the  two  accompanying  map-sheets  was 
made  by  Sir  William  E.  Logan,  the  founder  and  first  Director  of  the 
Geological  Survey  of  Canada,  in  the  year  1845.f 

A  geological  section  across  the  western  part  of  Canada,  from  Lake 
Huron  to  Lake  Erie,  having  previously  been  made  by  Mr.  Alexander 
Murray,  in  1843,  in  addition  to  an  examination  into  the  stratigraphi- 
cal  relation  of  the  rocks  comprising  the  extreme  eastern  portion  of 
Canada,  by  Sir  William  Logan  himself,  it  was  considered  expedient 
that  a  third  section  should  be  undertaken  across  and  embracing 
some  part  of  the  northern  district.  The  Ottawa  river  was  chosen 
for  various  reasons,  the  chief  of  which  was  perhaps  its  accessibility 
and  the  greater  immediate  utility  to  the  country  at  large  which  such 
a  survey  promised.  Starting  from  Montreal  he  made  an  examina- 
tion of  the  various  rock  formations  exposed  on  the  shore  of  the 
Ottawa,  taking  occasional  short  excursions  inland  wherever  deemed 
necessary.  This  geological  investigation  was  continued  as  far  as 
the  mouth  of  Bennett  brook,  about  five  miles  above  the  '  des  Joach- 
im '  rapids.  As  this  was  the  highest  point  yet  reached  in  the  topo- 
graphical delineation  of  the  course  of  the  Ottawa  it  was  decided 
to  make  this  the  starting  point  of  the  contemplated  survey  of  the 
upper  portion  of  this  stream.  The  distances  were  determined  by  the 
Rochon  micrometer  telescope,  while  the  bearings  and  angles  of 
intersection  were  obtained  by  means  of  a  theodolite.  The  differences 
in  level  of  the  river  at  all  the  rapids  were  ascertained  by  careful 
levelling  with  a  proper  instrument  and  staff,  the  fall  in  the  interven- 
ing stretches  being  estimated  from  a  knowledge  of  the  strength  of 
the  current.  This  survey  was  continued  up  the  Ottawa  as  far  as  the 
first  chute  on  the  Riviere  des  Quinze,  a  short  distance  above  the  head 
of  Lake  Timiskaming.  During  the  same  season,  and  as  a  necessary 
adjunct,  a  similar  survey  was  undertaken  of  the  Mattawa  river,  from 
its  junction  with  the  Ottawa  to  its  headwaters  in  Trout  lake,  in- 
cluding also  the  portage-route  by  way  of  the  Riviere  de  la  Vase  to 
Lake  Nipissing,  as  well  as  a  small  portion  of  the  shore-line  of  this 
lake  in  the  vicinity  of  the  mouth  of  this  inlet.  Observations  for 
latitude  were  obtained  at  the  starting  point,  the  mouth  of  the  Mat- 
tawa, the  mouth  of  the  Vase  on  Lake  Nipissing,  as  well  as  at  the 
month  of  the  Kipawa  on  Lake  Timiskaming.    In  fact  every  pre- 


tReport  of  ProgreM,  Geal.  Sur*.  Can..  1845-46. 
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caution  was  taken  to  make  this  survey  as  accurate  as  was  possible 
with  the  instruments  and  time  at  his  disposal.  The  various  topo- 
graphical details,  delineated  in  a  map  subsequently  compiled  by 
Sir  William  Logan  himself  on  a  scale  of  one  mile  to  an  inch,  bear- 
ing valuable  notes  regarding  the  various  rock  formations  encoun- 
tered, is  at  present  on  file  at  this  office,  and  although  not  issued  as 
a  separate  publication,  the  information  has  been  made  use  of  in  every 
subsequent  map  covering  the  district. 

A  portion  of  the  Ottawa  river  in  the  neighbourhood  of  the  Mat- 
tawa,  as  well  as  the  whole  of  this  latter  stream,  were,  however,  incor- 
porated in  the  atlas  to  accompany  the  report  by  Mr.  Alexander 
Murray  (1853-56).  During  the  summer  and  autumn  of  1854  Mr. 
Alexander  Murray,  of  this  Survey,  was  engaged  in  making  explora- 
tory surveys  to  the  east  of  Lake  Huron  and  Georgian  bay.  These 
included  a  survey  of  the  southern  shore  of  Lake  Nipissing,  from  the 
point  where  the  French  Biver  measurement  ceased  in  1847,  to  the 
mouth  of  the  Vase,  where  connexion  was  made  with  Sir  William 
Logan's  survey  of  1845,  and  thence  of  the  north  shore  of  this  sheet 
of  water  to  its  '  northwest  angle.'*  In  1855  Mr.  Murray  continued 
this  survey,  commencing  at  the  outlet  of  Lake  Nipissing  into  the 
French  river,  along  the  western  coast,  making  connexion  with  the 
work  of  the  previous  year.**  In  1856  this  survey  was  again  extended, 
this  time  a  start  being  made  from  the  Hudson's  Bay  Company's  post 
on  Sturgeon  river  near  Lake  Nipissing. 

Ascending  the  Sturgeon  river  for  about  fifty-two  miles  to  the  mouth 
of  the  Maskinong6,  the  measurements  were  carried  up  this  important 
branch  through  Murray,  Washkigamog,  Maskinonge-wagaming  and 
Mattagaraashing  lakes  to  Wanapitei  lake,  and  down  the  Wanapitei 
river  to  Lake  Huron.f 

In  1855  Duncan  Sinclair  made  a  survey  of  Kipawa  lake,  with  a 
view  of  defining  and  locating  certain  timber  limits.  This  survey, 
although  excellent  for  the  purpose  for  which  it  was  undertaken,  never- 
theless lacked  certain  details  essential  for  a  correct  elucidation  of  the 
geological  features,  thus  necessitating  a  re-survey,  which  was  accom- 
plished by  Mr.  J.  F.  E.  Johnston  of  this  Department. 

Acting  under  instructions  from  the  Commissioner  of  Public  Works, 
Mr.  Walter  Shanley,  C.E.,f  in  1856-57  made  a  detailed  examination  of 
the  route  contemplated  for  a  canal  to  connect  the  waters  of  the  St. 


•Report  of  Progress,  Geol.  Surv.  Can..  1853-56,  p.  101  et  sea- 

••Report  of  Progress,  Geol.  Surv.  Can.,  1853-56  pp.  12S  and  135  et  seq. 

tRcport  of  Progress,  Qeol.  Surv.  Can.,  1853-56,  pp.  145  et  aeq. 

tReport  of  Walter  Shanly.  Esq.,  On  the  Ottawa  Survey,— Toronto.  March 
22nd.  1858.  Also  Report  on  the  Ottawa  and  French  River  Navigation  Project. 
—Published  by  order  of  the  Montreal  Board  of  Trade,  1863. 
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Lawrence  with  those  of  the  Great  lakes  by  way  of  the  Ottawa, 
Mattawa  and  French  rivers,  and  Lake  Nipissing. 

In  1858-59  another  examination  of  the  same  route  was  made  by 
Mr.  T.  C.  Clarke,  C.E.,§  also  in  accordance  with  instructions  received 
from  the  Commissioner  of  Public  Works. 

In  1867  Mr.  A.  G.  Forrest,  acting  under  instructions  from  the 
Crown  Lands  Department  of  Ontario,  made  a  survey  with  transit 
and  chain  of  the  Montreal  river,  starting  from  its  intersection  with  a 
due  west  astronomical  line,  supposed  to  be  run  on  the  parallel  of  lati- 
tude of  47°  56',  between  Michipicoten  liarbour  on  Lake  Superior  and 
the  head-waters  of  the  Montreal  river.  This  astronomical  line  was 
started  about  the  same  time  from  its  eastern  and  western  extremities. 
Mr.  Duncan  Sinclair,  who  was  entrusted  with  the  eastern  portion  of 
the  line,  succeeded  in  running  a  distance  of  105  miles  from  the  Mont- 
real river,  while  Messrs.  A.  P.  Slater  and  R.  Gilmour  ran  eighty-four 
miles  eastward  from  Michipicoten  harbour.  Mr.  Forrest,  from  the 
intersection  with  Sinclair's  line,  made  an  instrumental  traverse  of  the 
Montreal  river  to  its  mouth  on  Lake  Timiskaming,  a  distance  of  one  . 
hundred  and  one  and  a  quarter  miles,  at  the  same  time  taking  notes 
on  the  timber  and  other  natural  resources  of  the  country  extending 
for  three  miles  on  either  side  of  the  stream.  These  surveys,  com- 
menced in  1866,  were  completed  in  1867.  Their  primary  object  seems 
to  have  been  to  determine  the  feasibility  of  the  construction  of  either 
a  wagon  road  or  railway  to  the  Red  River  country  through  the  dis- 
trict in  question.* 

About  the  same  time,  (June  13th  to  August  16th,  1867),  Mr.  Lind- 
say Russell  made  a  micrometer  traverse  of  Lac  des  Quinze  and 
the  Upper  Ottawa,  connecting  with  H.  C.  Symmes'  survey  of  Grand 
lake.  Mr.  Russell  during  the  same  season  made  a  similar  survey  of 
the  route  to  Lake  Abitibi,  as  well  as  a  traverse  of  this  large  sheet  of 
lake,  then  for  the  first  time  correctly  measured.f 

In  1871  Mr.  Alexander  McKenzie,  acting  under  instructions  from 
Mr.  James  H.  Rowan,  who  had  charge  of  the  "Canadian  Pacific  Rail- 
way surveys  from  the  Mattawa  to  the  Red  river,  made  a  track-survey 
northward  by  the  Ottawa  and  Abitibi  rivers  to  James  bay,  returning 
by  way  of  the  Moose  and  Michipicoten  rivers  to  Lake  Superior.:}: 

In  1S71-72  Messrs.  Lloyd,  O'Hanly  and  Austen,  also  under  Mr. 

| Return  of  Recent  Surrey  and  Report  of  the  Engineer  on  the  Ottawa  Sblp 
Canal.  Quebec.  1880.  by  Tbos.  C.  Clarke,  C.E. 

•See  remarks  on  Upper  Canada  surreys.  1867  PP-  M-62. 

tSee  Report  Commissioner  of  Crown  Lands.  Quebec.  1868.  p.  17.  also 
descriptions  of  the  Surveyed  TownshlpB  and  Territories  of  the  province  of 
Quebec,  1889,  pp.  416-424. 

tSee  Progress  Report  on  Surveys  Canadian  Pacific  railway,  1872.  p.  74. 

Also  Report  on  Surveys  Canadian  Pacific  railway,  1877.  pp.  5-47  and  48. 
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Rowan's  instructions,  made  exploratory  surveys  from  Mattawa  by  way 
of  the  Ottawa  and  Montreal  rivers  to  a  point  about  half-way  between 
this  latter  stream  and  one  of  the  branches  of  Moose  river.§ 

In  1872  Mr.  Walter  McOuat  of  this  Survey  was  engaged  in  a 
geological  examination  of  that  portion  of  the  country  to  the  north  and 
east  of  Lake  Timiskaming.  The  work  performed  by  Mr.  McOuat  in 
the  Timiskaming  region  embraced  a  most  painstaking  geological  ex- 
amination of  Riviere  dee  Quinze,  Lac  des  Quinze  and  the  route  thence 
northward  to  Lake  Abitibi,  including  a  micrometer  survey  of  the 
shores  and  islands  of  that  lake.  He  also  made  a  micrometer  traverse 
of  the  Blanche  river  as  far  as  Round  lake,  accompanied  by  an  exam- 
ination of  the  Tocks  in  the  immediate  vicinity  of  this  stream.*  The 
plans  to  accompany  his  report  have  never  been  published,  but  the 
information  contained  has  been  utilized  in  subsequent  general  geo- 
logical maps  embracing  this  area. 

In  1872-74  Messrs.  O'Hanly  and  O'Dwyer,  joint  commissioners 
for  Ontario  and  Quebec,  made  an  instrumental  traverse  of  the 
Ottawa  from  Mattawa  to  the  head  of  Lake  Timiskaming,  and  sur- 
veyed a  line  running  northward  from  a  point  on  the  '  Ghenail  du 
Diable,'  near  the  mouth  of  the  Rividre  des  Quinze  as  far  as  the 
height-of-land.f 

During  the  year  1876,  in  connexion  with  the  location  of  the  Cana- 
dian Pacific  railway,  Mr.  Marcus  Smith,  then  acting  engineer-in- 
chief,  made  an  examination  of  the  eastern  portion  of  Lake  Nipissing, 
as  well  as  of  the  '  Beuve'  (Veuve)  river  as  far  as  the  forks,  about 
twenty-five  miles  from  the  moutb.^ 

In  1879  Mr.  W.  A.  Austen,  for  the  Canadian  Pacific  railway, 
ran  a  trial  location  survey  from  a  point  situated  a  short  distance 
(404  feet)  east  of  the  deep-water  landing  at  Southeast  bay  (or  East 
bay)  of  Lake  Nipissing,  in  a  northeasterly  direction  for  sixty-three 
miles  up  the  valley  of  the  Sturgeon  river.||  As  a  part  of  the  same 
survey  Mr.  Austen  made  a  micrometer  survey  of  the  Timagami 


SSee  Progress  Report  on  Canadian  Pacific  Exploratory  Surveys.  1872.  These 
surveys  comprised  Divisions  B,  C  and  D,  respectively,  mentioned  In  these  re- 
ports. The  surveys  were  begun  on  June  10th.  1871.  and  the  last  of  them  was 
completed  by  July,  1872.  See  also  Report  on  Surveys.  Canadian  Paclflo  rail- 
way, 1877,  pp.  5  and  47. 

'Report  of  Progress,  Oeol.  Burr.  Can.,  1872-1873  pp.  112  et  seq. 

tThe  manuscript  plan  of  a  scale  of  40  chains  to  one  inch  bears  the  date. 
Dec.  27th,  1875,  while  the  joint  report  filed  with  the  Crown  Lands  Department. 
Is  dated  Ottawa,  Dec.  7th,  1874. 

tReport  Canadian  Pacific  railway,  1877.  pp.  359-360. 

J|Appendix  18,  "  Report  Canadian  Pacific  railway,  1880.  pp.  290-296."  A 
plan  on  4000  feet  to  an  inch,  detailing  these  explorations,  as  also  two  profiles 
of  the  Sturgeon  river,  are  on  file  at  the  Department  of  Railways  and  Canals, 
Ottawa,  and  have  been  of  much  assistance  In  the  compilation  of  the  accom- 
panying maps. 
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river,  the  southern  portions  of  Cross  and  Timagami  lakes,  as  well 
as  the  route  from  thence  to  Maskinonge-wagaming  lake,  by  way  of 
Obabika  and  Wawiagama  lakes. 

During  the  summer  of  1884,  commencing  in  June,  Mr.  T.  Guerin, 
engineer  of  the  Public  Works  Department,  Ottawa,  undertook  an 
examination  of  the  Ottawa  river  and  Lake  Timiskaming,  with  a 
view  to  ascertaining  the  feasibility,  at  a  reasonable  cost,  of  the 
various  schemes  urged  on  the  government  from  time  to  time,  look- 
ing to  an  increased  facility  in  the  navigation  of  these  waters.|| 

In  the  summer  of  1884  Dr.  Selwyn,  during  the  progress  of  an 
examination  of  the  numerous  rock-cuts  exposed  along  the  line  of  the 
Canadian  Pacific  railway,  paid  a  visit  to  the  Manitou  islands  in 
Lake  Nipissing,  and  the  list  of  the  fossils  then  collected  from  the 
Cambro-Silurian  outliers  comprising  seventeen  species,  together  with 
a  few  notes  regarding  their  occurrence,  was  published  by  Dr.  H.  M. 
Ami.* 

The  Rev.  J.  M.  Goodwillie,  who  was  stationed  at  North  Bay  for 
some  years,  has  made  an  extensive  collection  of  the  fossil  remains 
from  these  islands,  and  these  have  now  been  examined  and  their 
identification  has  greatly  added  to  the  list  appended  to  this  report. 

Mr.  Ulrich  determined  a  small  collection  of  fossils  for  Professor 
N.  H.  Winchell,  which  were  collected  by  Mr.  T.  D.  Ledyard.  of 
Toronto.f  In  1889,  Prof.  N.  H.  Winchell  paid  a  visit  to  North  Bay, 
and  gives  a  record  of  his  observations  made  in  that  vicinity.:}: 

In  1889  Mr.  G.  K.  Gilbert  made  an  examination  of  the  vicinity  of 
North  Bay  and  the  country  eastwards  towards  Mattawa,  with  a  view 
to  obtaining  any  evidence  regarding  the  former  existence  of  an  out- 
let for  the  Great  lakes  immediately  following  the  retirement  of  the 
ice-sheet.  The  possibility,  and  even  the  probability,  of  the  existence 
of  such  an  outlet  had  been  looked  upon  for  some  time  with  favour 
by  some  geologists,  although  facts  in  support  of  these  views  were  not 
forthcoming  previous  to  the  communication  made  by  Mr.  G.  K.  Gil- 
bert to  the  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science,  held  in  Toronto  in  August,  1889.  The  general  sub- 
stance of  the  remarks  then  made  was  published  under  the  title  of 
*  The  History  of  the  Niagara  river.'§ 

In  September,  1892,  Prof.  G.  F.  Wright  visited  the  neighbourhood 

!!Ann.  Rep.  Minister  of  Public  Works,  1884-85.  pp.  103-124. 
•Can.  Rec.  Science.  April,  1892,  pp.  108  et  seq. 
fAmerican  Geologist,  vol.  XVIII.,  No.  8,  September,  1896,  p.  178. 
{Eighteenth  Annual  Report,  Geo),  and  Nat.  Hist.  Survey,  Minnesota,  1889. 
p.  SOL 

JSixth  Annual  Report  of  the  Commissioners  of  the  State  Reservation  at 
Niagara  for  1889,  pp.  61-84,  and  reprinted  in  the  Smithsonian  Report  for  I860, 
pp.  231-257. 
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of  North  Bay  and  Mattawa,  making  certain  observations  seemingly 
confirmatory  of  the  former  existence  in  the  Mattawa  valley  of  this 
outlet,  embodying  the  results  of  his  observations  in  a  paper  entitled, 
'  The  Supposed  Post-glacial  Outlet  of  the  Great  lakes  through  Lake 
Nipissing  and  the  Mattawa  river.'  [  | 

In  the  autumn  of  1893  Mr.  F.  B.  Taylor  made  some  observations 
in  regard  to  the  occurrence  of  beaches  in  the  vicinity  of  North  Bay, 
and  their  relations  to  this  supposed  old  outlet  of  the  Great  lakes. 
The  results  then  obtained  were  communicated  to  the  Geological 
Society  of  America,  and  published  in  the  bulletin  of  that  society.* 
In  1895  another  visit  was  paid  to  the  Nipissing  district  with  the 
similar  object  of  gaining  additional  information  in  regard  to  the 
recent  changes  of  levelf 

In  1896  a  third  visit  was  paid  to  the  region  in  the  neighbourhood 
of  the  Mattawa  and  Ottawa  rivers,  and  the  results  then  obtained  were 
communicated  to  the  Geological  Society  of  America. 

In  1890  William  Ogilvie,  acting  under  instructions  from  the 
Department  of  the  Interior,  Ottawa,  fixed  the  latitude  and  longitude 
of  Mattawa,  the  latter  by  telegraph  from  Ottawa. 

In  1892  Messrs.  H.  K.  Wicksteed  and  Patterson,  under  the  direc- 
tion of  Mr.  J.  C.  Bailey,  C.E.,  of  Toronto,  made  the  location  survey 
of  the  Nipissing  and  James  Bay  railway  from  North  Bay  to  the 
Northeast  Arm  of  Lake  Timagami.  Mr.  Patterson  had  charge  of 
the  location  of  the  southern  portion  of  the  line  from  North  Bay  to 
Marten  lake,  (and  Mr.  Wicksteed  of  the  northern  part. 

The  building  of  the  Timiskaming  branch  of  the  Canadian  Pacific 
railway,  and  the  surveys  and  levels  made  in  connexion  therewith, 
have  been  used  in  the  present  map  and  report,  the  information  being 
kindly  supplied  by  Mr.  M.  H.  McLeod,  the  engineer-in-charge. 

General  Physical  Features. 

The  general  character  of  the  country  may  perhaps  be  best  described 
as  that  of  an  uneven  or  undulating  rocky  plateau,  with  a  gentle  slope 
towards  the  east  and  southeast.  Although  in  detail  the  surface  of 
this  plateau  is  far  from  uniform,  consisting  of  a  succession  of  more  or 
less  parallel  rocky  ridges,  with  intervening  valleys  occupied  by 
swamps  or  lakes,  still  the  district  as  a  whole  has  a  general  elevation 
varying  from  900  to  1,200  feet  above  the  sea.  There  are  no  very 
prominent  hills,  the  highest  seldom  attaining  a  greater  altitude  than 

1  Bull.  Geol.  Soc.  Am.,  vol.  IV.,  1893.  with  discussion  by  Dr.  Robert  Bell, 
pp.  423-426. 

•Bull.  Geol.  Soc.  Am.,  vol.  V.,  pp.  620-626  with  two  maps,  also  American 
Geologist,  vol.  XIV.,  Nov..  1894,  pp.  288-285. 
t/Wd.  vol.  XVIII..  Au«u»t,  1896,  pp.  108-120. 
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800  feet  above  the  surrounding  region,  while  throughout  most  of  the 
district  hills  of  50  to  100  feet  in  height  are  rather  conspicuous  topo- 
graphical features.  The  highest  land  in  the  whole  area  is  situated 
near  the  northwest  corner  of  the  Timiakaming  sheet,  immediately  to 
the  west  of  Lady  Evelyn  (Mus-ka-na-ning)  lake,  where  a  range  of 
hills  of  which  Maple  mountain  is  the  highest  peak  rises  to  the  height 
of  a  little  over  2,000  feet  above  the  sea,  according  to  Dr.  Bell. 

The  influence  exerted  by  the  underlying  rock  on  the  general  con- 
tour of  the  surface  is  perhaps  nowhere  better  exemplified  than  in  the 
region  embraced  in  this  report.  In  the  southern  and  southeastern 
portions,  where  the  prevailing  rocks  are  the  various  gneisses  and 
granites  included  as  Laurentian,  there  are  no  hills  of  any  great 
height,  the  general  surface  presenting,  as  usual,  a  rather  monotonous 
succession  of  low  rounded  hills,  with  correspondingly  shallow  rocky 
valleys.  In  the  northern  and  western  portions,  however,  those  areas 
in  which  the  quartzites  are  present,  as  well  as  those  in  which  the 
plutonic  rocks,  chiefly  granite  and  diabase,  are  prevalent,  rise  into 
rather  important  elevations;  while  those  regions  which  are  under- 
lain by  the  slaty  member  of  the  Huronian  are  on  the  other  hand 
low  and  flat.  A  remarkable  resemblance  exists  between  the  contour 
of  the  surface,  occasioned  by  the  presence  of  the  diabasic  rocks,  and 
that  produced  by  the  heavy-bedded  and  massive  quartzite  that  forms 
the  highest  member  of  the  Huronian  exposed  in  this  district,  both 
rising  into  comparatively  high  rounded  or  broken  ridges,  and  render- 
ing the  stretches  of  country  where  such  rocks  prevail  exceedingly 
rough  and  hilly.  This  is  especially  the  case  with  the  region  to  the 
north  and  northwest  of  Wakemika  and  Lady  Evelyn  lakes,  and  also 
between  Friday  and  Whitebear  lakes  and  the  Montreal  river;  although 
the  whole  of  the  area  coloured  on  the  map  as  underlain  by  those 
rocks  partakes  essentially  of  this  rugged  character.  This  rough  and 
broken  contour  is  in  marked  contrast  to  the  flat  surface  characteristic 
of  the  region  in  which  the  slates  obtain. 

The  contrast  is  probably  nowhere  better  shown  than  in  the  north- 
eastern part  of  Lady  Evelyn  lake,  where  the  quartzite  which  crosses 
the  lake  at  the  Obisaga  narrows  forms  high  and  perpendicular  cliffs 
for  a  short  distance,  while  to  the  east,  as  far  as  the  Waswaning  nar- 
rows, the  shore  on  both  sides  is  low  and  swampy,  with  only  a  very 
occasional  exposure  of  the  flat-lying  slaty  rocks.  At  the  elbow  to  the 
east  of  the  Waswaning  narrows  a  high  ridge  of  diabase  crosses  the 
lake,  forming  rugged  hills  which  constitute  the  western  side  of  that 
portion  of  the  lake  known  as  the  Mattawapika.  Thus  within  a  few 
miles,  on  the  same  lake,  are  exhibited  examples  of  all  three  types  of 
surface  produced  by  the  underlying  quartzite,  slate  and  diabase. 
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The  large  area  coloured  as  granite,  to  the  northeast  of  Lake  Tima- 
gami, may  perhaps  be  best  described  as  a  region  of  Hooded  roches 
mountonneea,  for  the  hills  are  all  low  and  rounded,  while  the  interven- 
ing hollows  are  occupied  by  exceedingly  intricate  and  shallow,  swampy 
lakes  or  marshes.  The  valleys  of  the  smaller  rivers  are  usually 
narrow,  and  many  of  the  streams  are  nothing  but  a  succession  of 
small  lakes  united  by  rapid  rocky  or  bouldery  discharging  channels. 

Probably  one  of  the  most  interesting  of  the  physical  features  pre- 
sented by  the  district  is  the  valley  occupied  by  Lake  Timiskaming 
and  the  Ottawa  river.  The  greater  portion  of  this  valley  is  a  very 
steep,  rocky  gorge,  fringed  on  either  side  by  lofty  hills  or  perpendi- 
cular cliffs  which  rise  abruptly  to  a  height  of  from  400  to  600  feet 
above  the  surface  of  the  water,  while  the  average  of  a  large  number 
of  soundings  indicate  that  the  lake  has  a  mean  depth  of  over  400 
feet.  The  depression,  therefore,  occupied  by  these  waters,  would  be 
about  1,000  feet  below  the  level  of  the  surrounding  country,  and  as 
the  bottom  of  the  lake,  wherever  examined,  consisted  in  the  deeper 
portions  of  a  very  fine  grey  unctuous  clay  or  silt,  this  depth  may  have 
been  much  greater  before  the  accumulation  of  this  material.  From 
Mattawa  to  the  mouth  of  the  Montreal  river  these  abrupt  and  rocky 
shore-lines  prevail,  but  above  the  mouth  of  this  stream  the  lake 
undergoes  considerable  expansion  and  the  shores  exhibit  a  more 
gradual  slope  towards  the  surface  of  the  water.  The  traveller  ascend- 
ing the  Ottawa  river  is  thus  usually  impressed  with  the  mountainous 
character  of  the  district,  but  an  ascent  of  the  hills  on  either  side  at 
once  shows  that  the  adjoining  country  is  comparatively  level,  and 
that  what  appeared  as  ranges  of  hills  are  in  reality  the  enclosing 
walls  of  this  great  valley. 

The  Mattawa  and  Montreal  rivers,  and  in  a  lesser  degree  the  Stur- 
geon and  Timagami  rivers,  occupy  rather  deep  and  important  de- 
pressions in  this  rocky  plateau. 

The  district  is  traversed  with  rivers  which  are  as  important  and 
well  known  as  the  lakes  which  they  serve  alternately  as  inlet  and 
outlet.  The  Ottawa  is,  of  course,  the  largest,  but  only  a  portion  of 
this,  from  Mattawa  to  Lac  dee  Quinze,  is  included  within  the  area 
of  the  accompanying  map-sheets.  The  Sturgeon  likewise  finds  its 
source  beyond  the  confines  of  this  region,  as  also  does  the  Montreal 
river,  although  by  far  the  greatest  portion  of  both  streams  is  repre- 
sented on  the  present  maps.  The  Sturgeon  is  the  larger  of  these  two 
rivers,  draining  about  3,000  square  miles,  while  the  Montreal  drains 
an  area  of  about  2,500  square  miles.  The  Matabitchouan,  Mattawa. 
Kipawa,  Timagami,  Otter-tail  and  Otter  rivers  are  also  worthy  of 
mention,  although  much  smaller  than  the  rivers  first  named.  The 
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Blanche  river  is  a  stream  of  considerable  size,  but  only  a  small  part 
of  the  lower  portion  is  included  in  the  Timiskaming  sheet. 

In  common  with  other  regions  characterized  by  the  presence  of 
Archaean  rocks  this  district  is  remarkable  for  the  number  of  lakes, 
both  large  and  small,  which  are  scattered  over  its  surface.  These  lakes 
are  in  themselves  noteworthy,  not  only  for  their  many  intricacies, 
but  also  because  of  the  great.number  of  islands  which  dot  their  sur- 
faces. At  first  sight  these  lakes  are  seemingly  governed  by  no  law 
in  regard  to  their  distribution,  but  a  somewhat  closer  examination 
reveals  the  dependence  of  geographical  outline  on  the  geological 
structure.  In  order  to  bring  out  more  fully  the  intimate  relation  sub- 
sisting between  the  topographical  outline  and  the  nature  and  attitude 
of  the  enclosing  strata,  a  careful  compilation  and  correlation  of  the 
various  strikes  or  direction  of  the  foliation  of  the  gneisses  has  been 
made,  exhibiting  with  as  close  an  approximation  to  the  truth  as  is 
possible  the  various  curves  and  folds  assumed  by  these  rocks. 

The  following  nine  lakes,  with  their  areas  and  elevation  above  mean 
sea-level,  may  be  particularly  noted:— 

Area.  Height 
Square  Miles,    above  sea, 

Lake  Xipuaing   345  640  5-647  8 

Timiskaming   125  577  8-5918 

..    Kipawa.     120  873  7-883 

..    Timagami   100  W4 

Lac  dss  Qmnze   40  *45 

Lady  Evelyn  lake     18  930 

Obabikalake   11  932 

Obaohintf  lake   11  822 

Rabbit  lake                                          .  8  938 

Lake  Timagami,  during  the  earlier  portion  of  the  summer,  drains 
both  northward,  by  way  of  Nonwakaming  and  Lady  Evelyn  lakes 
into  the  Montreal  river,  and  southward  by  way  of  Cross  lake  and 
Timagami  river  into  the  Sturgeon,  the  water  thus  ultimately  finding 
its  way  into  Georgian  bay  and  Lake  Huron.  The  southern  outlet, 
however,  is  the  larger  and  deeper  stream,  while  the  northern  one  is 
usually  dry  towards  the  end  of  July  each  summer,  and  is  thus  only 
utilized  in  time  of  high  water.  Rabbit  lake  finds  its  main  outlet 
into  the  Matabitchouan  river  from  the  northeast  corner  of  the  lake, 
but  a  bay  extending  to  the  southeast  is  connected  at  extreme  high 
water  with  Ross  and  Burwash  lakes  at  the  head  of  Macdonald  creek, 
which  in  turn  empties  into  the  Matabitchouan  river  at  the  Fourth 
Bass  lake.  Annima-Nipissing  lake,  a  large  and  important  sheet  of 
water  situated  between  Lake  Timagami  and  the  Montreal  river, 
which  has  usually,  as  the  name  implies,  been  regarded  as  the  ultimate 
source  of  the  Nipissing  water,  is  1,070  feet  above  the  sea,  while 
Breeches  lake,  which  is  in  reality  at  the  summit,  is  1,085  feet  above 
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tile  sea.  The  highest  lake  in  the  whole  region  is  Wilson  lake,  at  the 
head  of  one  of  the  branches  of  the  Matabitchouan  river,  and  thia  is 
1,173  feet  above  the  sea,  while  the  height-of-land  between  this  lake  and 
the  Montreal  river  is  a  little  over  1,200  feet  above  the  sea. 

Denudation. 

In  many  of  the  descriptions  which  have  from  time  to  time  appeared 
concerning  this,  in  common  with  other  Archaean  regions,  undue  pro- 
minence haa  been  given  to  the  erosive  effect  produced  during  the 
glacial  epoch.  The  prodigious  number  of  lakes  both  great  and  small 
which  are  so  emiently  characteristic  of  districts  underlain  by  Arch- 
aean rocks  have  in  general  been  referred  to  as  original  rock-basins 
which  owed  their  existence  to  the  excavating  power  of  an  immense 
glacier,  while  the  mammillated  hills  and  complementary  valleys 
everywhere  prevalent,  as  well  as  the  constant  occurrence  of  parallel 
grooves  and  scratches,  have  been  adduced  as  additional  evidence  of 
the  adequacy  of  the  glacier  to  produce  all  the  inequalities  of  the 
existing  surface.  The  detailed  examination  of  the  region,  however, 
amply  demonstrates  that  the  sculpturing  to  which  the  surface  owes 
its  present  configuration  was  practically  completed  long  before  the 
advent  of  the  glacial  epoch,  and  that  the  main  valleys,  especially  those 
of  the  Ottawa  and  Mattawa  rivers,  were  in  existence  long  prior  to 
the  deposition  of  the  Palaeozoic  sediments. 

In  the  first  place  the  more  important  lakes  and  rivers  occupy  such 
deep  and  extended  depressions  that  they  seem  inexplicable  on  any 
theory  of  glacial  action  or  ordinary  erosion  by  water.  The  bottom  of 
Lake  Timiskaming  is  on  an  average  about  a  thousand  feet  below  the 
level  of  the  surrounding  country,  and  in  no  place  did  the  sounding 
lead  reveal  the  original  rocky  bottom  which  has  been  more  or  less 
deeply  covered  by  silts  and  by  accumulations  of  drift  material  Por- 
tions of  the  Mattawa  and  Montreal  rivers  are  fully  six  hundred  feet 
below  the  level  of  the  rocky  plateau  through  which  they  flow,  and  in 
many  places  exhibit  steep,  often  perpendicular  banks,  composed  of 
the  hardest  and  most  massive  crystalline  rocks. 

Secondly,  the  trend  of  many  of  these  valleys  does  not  coincide  with 
the  general  direction  of  the  ice-flow,  as  revealed  by  the  striae  and 
grooves  which  mark  many  of  the  exposed  rock-surfaces  of  the  plateau. 
These  striae  in  general  vary  from  S.  10°  W.  to  S.  30°  W.,  while  S. 
20°  W.  may  be  assumed  as  a  fair  average  of  the  direction  of  the  ice- 
flow  throughout  this  region.  The  deepest  valley,  that  occupied  by 
Lake  Timiskaming  and  the  Ottawa  river  from  the  mouth  of  Wabi 
creek  to  its  confluence  with  the  Mattawa  river,  has  a  direction  of  S. 
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30°  E.  while  the  valley  of  the  Mattawa  runs  about  east-and-west,  thus 
forming  considerable  angles  with  the  general  striatum,  while  the  Mon- 
treal and  Sturgeon  rivers  are  intersected  almost  at  right  angles  by 
these  grooves  and  scratches.  On  the  shores  of  Lake  Timiskaming,  and 
also  on  the  Montreal  river,  many  of  the  strise  exhibited  have  a  direc- 
tion corresponding  with  these  valleys.  These  may  either  represent  a 
differential  movement  in  the  mass  of  the  ice  itself,  whereby  the  lower 
portion  was  forced  by  reason  of  its  plasticity  to  conform  to  the 
inequalities  of  the  existing  surface  while  the  xipper  portion  continued 
on  its  general  southwesterly  course;  or,  as  seems  more  probable,  these 
grooves  may  have  belonged  to  a  local  glacier  occupying  these  valleys 
towards  the  close  of  the  glacial  period.  On  the  upper  or  wider  portion 
of  Lake  Timiskaming  strise  belonging  to  the  general  glaciation  may 
be  noticed  on  the  same  rock-surface  as  other  markings  which  belong 
to  this  local  glacier,  but  the  more  abundant  and  strongly  marked 
grooves  throughout  the  lower  portion  of  the  valley  are  seen  conform- 
ing to  its  various  changes  of  direction. 

Again,  many  of  these  valleys  do  not  correspond  with  the  strike  of 
the  rock  in  their  immediate  vicinity.  The  Ottawa  valley  is  the  best 
illustration  of  this  fact,  for  the  foliation  of  the  gneissic  rocks  which 
compose  most  of  its  shores  intersect  this  gorge  almost  at  right  angles. 
The  depressions  occupied  by  the  Sturgeon  and  Montreal  rivers  also 
form  considerable  angles  with  the  strike  of  the  rocks  in  the  immediate 
neighbourhood.  Very  often  the  streams  occupy  singularly  straight 
and  deep  chasms  in  very  hard  rocks  of  different  composition,  valleys 
which  it  seems  impossible  that  the  ordinary  erosive  action  of  ice  or 
water  could  ever  have  opened  up,  and  which  preserve  their  uniform 
direction  with  very  little  deviation  in  their  course,  even  when  the 
river  has  left  a  softer  rock  to  enter  an  area  where  the  hardest  varieties 
prevail. 

The  Montreal  river,  from  '  The  Notch,'  near  its  mouth,  to  the 
bend  above  the  portage  to  Mud  lake,  a  distance  of  twenty-one  miles, 
flows  through  a  rocky  gorge,  the  course  of  which  is  in  general  N.  40° 
W.  At  this  point  the  course  of  the  valley  changes  abruptly  to  S. 
45°  W.,  which  is  maintained  until  Bay  lake  is  reached,  a  distance  of 
four  miles.  From  this  point  upward  a  valley  extends  as  far  as  the 
Great  Bend,  beyond  the  confines  of  the  present  map,  which  is  almost 
if  not  quite  parallel  to  that  occupied  by  the  river  below  Mud  Lake 
portage.  Of  course  the  river  presents  many  minor  deviations  in 
its  downward  course,  but  the  remarkable  uniformity  in  direction  of 
the  valley  through  which  the  stream  meanders  is  maintained  through 
successive  alternations  of  slate,  quartzite,  greywacke  and  diabase,  th« 
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character  and  composition  of  the  surrounding  rocks  having  apparently 
little  or  no  effect  in  determining  the  course  of  this  depression. 

The  existence,  likewise,  of  Palaeozoic  outliers  occupying  portions  of 
theso  valleys,  seems  ample  proof  of  their  existence  as  such  from  a 
very  early  time.  The  occurrence  of  an  outlier  of  limestones,  shales 
and  conglomerates  belonging  to  the  Niagara  was  noticed  by  Sir 
William  Logan  on  Lake  Timiskaming  in  1844.  This  outlier  appears 
as  a  shallow  syncline  resting  unconformably  on  the  slates  and  quartz- 
ites  of  the  Huronian.  The  conglomerate,  grit  and  arenaceous  lime- 
stones representing  the  basal  portion  of  the  section  may  be  seen  form- 
ing a  narrow  fringe  from  Piche  point  to  Chief  island,  on  the  east 
side  of  Lake  Timiskaming,  while  a  small  patch  of  similar  rocks  crops 
out  on  the  west  side  from  Haileybury  northward  towards  Wabi  bay. 
The  limestones  are  present  on  the  islands  to  the  north  of  Bryson 
island,  and  on  the  peninsula  between  Sutton  and  Wabi  bays  extend- 
ing beyond  the  limits  of  the  present  map.  The  boulder-conglomerate 
that  occupies  the  eastern  shore  to  the  south  of  Chief  island  is  com- 
posed of  large  angular  or  subangular  blocks  derived  from  the  Huron- 
ian quartz ite  which  forms  rather  abrupt  hills  immediately  behind  this 
exposure.  These  detached  fragments  doubtless  represent  what  was 
originally  a  talus,  formed  at  the  foot  of  this  steep  slope,  and  when 
the  submergence  took  place  the  intervening  spaces  became  filled  with 
detritus  composed  of  the  same  materials,  in  a  finer  state  of  division, 
together  with  a  small  proportion  of  calcareous  matter.  This  con- 
glomerate and  grit  rest  upon  a  surface  which  had  clearly  assumed  a 
hummocky  character  before  the  deposition  of  these  sediments,  while 
the  action  of  the  glacier  flowing  down  Lake  Timiskaming  long  after- 
wards striated  and  polished  the  whole,  leaving  a  surface  with  a  net- 
like structure,  through  the  meshes  of  which  protrude  rounded  or 
ovoid  sections  of  these  rocky  hillocks.  Limestones  and  sandstones 
of  Black  River  age  are  seen  resting  on  the  mammillated  surfaces  of 
Laurentian  gneiss  on  the  Ottawa,  six  miles  below  Mattawa,  and  also 
about  five  miles  above  Deux  Rivieres,  as  well  as  on  the  Manitou 
islands,  Lake  Nipissing,  while  sandstones  which  are  probably  of 
Chazy  age,  but  which  have  yielded  no  fossils,  were  noticed  on  Iron 
island  in  the  same  lake. 

The  occurrence  of  such  outliers  at  various  points  throughout  these 
valleys  shows  that  they  existed  in  very  early  Palaeozoic  times,  and 
indicate  the  transgression  of  the  sea  thus  far  inland  at  intervals 
during  this,  the  Palaeozoic,  the  submergence  having  been  greatest 
during  the  Niagara,  when  the  sea  reached  the  northern  end  of  Lake 
Timiskaming  and  may  possibly  have  been  connected  by  narrow  arms 
and  straits  with  that  extending  southward  from  Hudson  bay. 
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The  rounded  or  moutonnee  surfaces  of  all  these  rocky  elevations, 
though  no  doubt  accentuated  by  later  glacial  action,  have  in  the  first 
place  been  due  to  the  unequal  progress  of  rock  decay.  The  work  of 
Lawson,  Low,  Coste  and  Laflamme  *  who  have  during  the  progress  of 
their  several  explorations  made  critical  and  extended  examinations  of 
the  relations  existing  between  many  outliers  of  Palteozoic  strata  and 
the  subjacent  Archaean  rocks,  clearly  shows  that  the  mammillated  sur- 
face long  antedates  the  glacial  epoch,  and  was  as  characteristic  of  the 
surface  upon  which  the  earliest  Palaeozoic  sediments  were  deposited, 
as  that  upon  which  the  great  glacier  rested  in  glacial  times.  The 
chief  cavities,  vertical  precipices  and  deep,  narrow  gorges  must  have 
been  determined  by  great  transverse  or  lateral  breaks.  The  causes 
which  operated  in  their  formation  must  have  been  in  force  with 
marked  intensity  long  before  the  deposition  of  the  Niagara,  for  as 
has  been  shown,  the  valley  had  been  practically  completed  before  the 
deposition  of  these  sediments.  The  rounded  contours  of  the  rocky 
plateau  and  the  intervening  hollows  doubtless  represent  the  depth  to 
which  these  crystalline  rocks  had  undergone  disintegration  during 
the  immense  lapse  of  time  while  they  were  exposed  to  the  action  of 
the  weather  and  other  denuding  agencies  before  the  glacial  epoch, 
while  the  ice  simply  removed  the  loose  material  resulting  from  such 
decomposition,  smoothing  and  striating  the  rocky  surfaces  encoun- 
tered. 

Both  quartzite  and  diabase,  and  sometimes  also  the  massive  slate 
(or  greywacke')  which  occurs  as  a  transition  between  the  more  fissile 
elate  beneath  and  the  quartzite  above,  frequently  form  cliffs  from 
fifty  to  two  hundred  feet  in  height,  the  angle  of  slope  being  consider- 
.  ably  lessened  by  a  talus  of  angular  blocks  detached  from  above.  Good 
examples  of  these  quartzite  cliffs  are  furnished  by  the  shores  on  the 
west  side  of  Lake  Timiskaming,  opposite  Bryson  or  Moose  island, 
at  the  Obisaga  narrows  on  Lady  Evelyn  lake,  as  well  as  by  the  steep 
hills  on  the  west  side  of  Cliff  lake,  while  the  Manitou  or  Devils  Hock 
on  the  west  side  of  Lake  Timiskaming,  south  of  Haileybury,  and  the 
western  shore  of  Timagami  lake,  opposite  the  Hudson's  Bay  post,  are 
excellent  instances  of  the  vertical  precipices  produced  by  exposures 
of  diabasic  rocks.  Prominent  cliffs  formed  of  the  massive  slate  or 
greywack6  may  be  noticed  on  the  Matabitchouan  river  immediately 
above  the  Fourth  Bass  lake,  as  also  on  the  west  shore  of  Lady  Evelyn 
lake,  south  of  Wendabin  bay.  The  action  of  the  frost  and  weather 
is  continually  loosening  large  masses  of  these  cliffs,  which  then  fall 
with  a  great  noise,  and  this  phenomenon  is  so  frequent  that  one  of 

•Bull.  Oeol.  Soc.  Am,  vol.  I,  pp.  163-173.  also  Annual  Report.  Oeol.  Surr. 
Can.,  1882-83-84,  part  D. 
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the  lakes  (Manito-peepagee),  to  the  west  of  Lake  Timagami,  has 
received  its  name  on  the  supposition  that  the  Evil  One  was  the  cause 
of  the  disturbance. 

Soil. 

Although  the  district  as  a  whole  cannot  be  said  to  be  suitable  for 
agricultural  purposes,  still  in  many  places  considerable  areas  of  good 
land  are  known  to  exist.  The  largest  continuous  tracts  of  such  land 
are  to  be  found  in  the  vicinity  of  the  northern  portion  of  Lake  Titnis- 
kaming  on  both  sides  of  the  lake,  and  thus  both  in  Quebec  and 
Ontario,  although  the  larger  proportion  is  in  the  latter  province. 
The  Crown  Lands  Department  of  Quebec  has  subdivided  the  two 
townships  of  Guigues  and  Duhamel  and  portions  of  four  others, 
Fabre,  Laverlochere,  Baby  and  Neudlac.  These  by  no  means  exhaust 
the  arable  land  on  this  side,  but  are  sufficient  for  the  present  require- 
ments of  settlement.  On  the  opposite  shore  of  the  lake  Ontario  has 
laid  out  and  divided  into  lots  twenty-five  townships  which  extend 
along  the  western  side  of  the  lake,  and  running  in  a  northwesterly 
direction  include  the  valleys  of  Wabi  creek  and  the  Blanche  as  far 
as  Round  lake.  Only  five  of  these  townships  and  the  southern  por- 
tion of  four  others  are  included  within  the  area  covered  by  the  accom- 
panying map. 

The  area  thus  subdivided  is  in  general  composed  of  level  or  slightly 
rolling  clay  land.  In  some  places  the  clay  sub-soil  is  overlain  by  clay 
loam  or  sandy  loam,  while  in  other  instances  a  rather  barren  yellow 
sand  appears  at  the  surface.  In  the  province  of  Quebec,  where  the 
surface  has  in  many  places  been  almost  completely  denuded  by  repeat- . 
ed  forest  fires,  this  clay  is  best  seen.  From  the  Quinze  river,  a  little 
south  of  Quinn  point,  large  areas  are  covered  with  a  thick  mantle  of 
stiff  grey  clay  through  which  protrude  exceedingly  rough  and  pro- 
minent hills  of  quartzite,  granite,  diabase  and  breccia-conglomerate. 
These  hills  rise  abruptly  from  an  otherwise  level  clay  plain,  for  the 
surface  characterized  by  the  presence  of  this  clay  exhibits  a  singularly 
flat  appearance  with  only  a  gentle  rise  towards  the  base  of  the  hills. 

On  the  Ontario  side  the  township  of  Lorraine  is  rough,  rocky  and 
broken,  and  for  the  most  part  unsuitable  for  farming  purposes. 
Along  the  valleys  and  in  the  vicinity  of  Lake  Timiskaming  the  soil 
is  clay  but  these  clay  flats  are  of  comparatively  small  extent.  To  the 
northwest,  however,  in  the  townships  of  Bueke  and  Dymond  there  are 
quite  a  number  of  farms,  and  a  large  area  of  cultivable  land  exists, 
so  that  the  villages  of  Haileybury  and  Liskeard  seem  destined  to  be- 
come the  centres  of  a  considerable  agricultural  community. 
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The  top  of  the  limestone  plateau  which  constitutes  that  portion  of 
the  Niagara  outlier  forming  the  promontory  dividing  the  northern 
end  of  the  lake  is  generally  overlain  by  a  light  sandy  loam  soil, 
although  in  many  places  the  underlying  rock  is.  destitute  of  any  such 
covering.  In  the  southwestern  part  of  Dymond  and  the  southern 
portions  of  Hudson  and  Henwood  a  series  of  rocky  ridges  of  the 
Huronian  slate  occur.  In  the  township  of  Henwood  these  ridges  have 
a  general  north-and-south  trend;  while  in  the  township  of  Hudson 
the  slate  rises  into  hills  some  of  which  are  nearly  200  feet  in  height. 
North  of  these  ridges,  according  to  Mr.  Hermon,  the  soil  is  white 
clay,  the  surface  generally  level  and  the  appearance  of  the  country 
flat  and  swampy. 

Between  Mattawa  and  North  Bay,  to  the  south  of  the  Mattawa 
river,  in  the  townships  of  Papineau,  Calvin,  Bonfield  and  Ferris,  con- 
siderable areas  of  land  exist  which  may  be  utilized  for  farming  pur- 
poses, and  their  proximity  to  the  line  of  railway  makes  these  of  value. 
Already  these  townships  contain  a  large  number  of  excellent  farms 
and  the  region  is  rapidly  becoming  settled.  The  soil  is  usually  a  clay- 
loam,  rather  rocky  and  stony  in  places,  but  seems  to  yield  excellent 
crops.   In  the  vicinity  of  North  Bay  the  land  is  sandy  and  light. 

The  valley  of  the  Sturgeon,  below  the  Timagami  river,  contains 
many  wide  and  extensive  flats  which  are  susceptible  of  improvement, 
but  above  this  stream  the  valley  is  much  contracted  and  the  fiats 
decrease  both  in  number  and  extent  as  the  river  is  ascended,  and 
towards  the  mouth  of  the  Maskinonge"  river  the  country  becomes  much 
more  broken  and  for  the  most  part  poor  and  rocky.  Between  Smoky 
falls  and  the  mouth  of  the  Timagami,  the  country  in  the  vicinity  of 
the  river  is  tolerably  level  and  composed  of  grey  clay  overlain  by 
sand.  The  soil  is  for  the  most  part  a  sandy  loam  and  affords  support 
to  a  thick  growth  of  hardwood  and  evergreens,  which  by  their  sturdi- 
ness  attest  the  good  qualities  of  the  soil  beneath.  Clearances  have 
been  made  at  intervals  along  the  river,  with  the  exception  of  that 
portion  flowing  through  the  Indian  reserve,  as  far  as  the  mouth  of 
the  Timagami.  A  short  distance  below  the  mouth  of  the  Pike  river, 
on  the  south  side  of  the  river,  is  an  extensive  farm  cultivated  for 
many  years  for  the  purposes  of  supplying  the  lumbering  camps  of 
Mr.  J.  R.  Booth,  and  a  road  connects  this  depot  with  the  Canadian 
Pacific  railway  at  Cache  Bay  station. 

To  the  west  of  Sturgeon  Falls  there  are  a  large  number  of  farms 
which  continue  up  the  valley  of  the  Veuve  river,  almost  as  far  as 
Warren  station,  where  the  valley  becomes  very  narrow.  The  soil 
throughout  the  valley  is  a  stiff  grey  clay,  and  as  the  vegetable  mould 
overlying  has  been  burnt  off  it  has  a  tendency  to  cake  in  dry  weather. 
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In  the  vicinity  of  Sturgeon  Falls  the  soil  is  very  sandy,  but  the  clear- 
ances continue  to  the  east  as  far  as  the  boundary  of  the  Indian 
reserve,  and  to  the  south  almost  to  the  lake  shore,  although  the  land 
in  general  in  this  direction  is  flooded  during  the  spring  freshets. 

On  the  Montreal  river,  above  Bay  lake,  there  are  large  areas  of 
arable  land,  especially  between  Bay  lake  and  the  Mattawapika.  The 
region  to  the  northwest  is  very  flat  and  level,  underlain  by  clay,  and 
although  swampy  at  present  would  probably  be  easily,  drained  or 
dry  up  when  cleared.  These  areas  are  most  likely  continuous  with 
similar  tracts  noticed  to  the  southwest  of  the  townships  of  Henwood 
and  Hudson. 

A  large  tract  of  country  extends  from  the  vicinity  of  North  Bay 
and  the  southern  part  of  the  townships  of  Widdifield  northward  to 
the  Opimika  creek.  The  soil  is  in  places  sandy  and  in  some  spots 
considerable  clay  is  present,  but  the  whole  of  this  stretch  of  country 
is  covered  by  a  mixture  of  hardwoods  and  evergreens,  thus  denoting 
a  rather  good  soil  beneath.  The  greater  portion  of  the  district,  how- 
ever, is  extremely  rocky  and  barren,  the  level  areas  being  chiefly  occu- 
pied by  swamps,  many  of  which  would  be  difficult  to  drain,  while  the 
area  thus  drained  would  in  most  cases  be  insufficient  for  purposes  of 
farming.  Of  the  country  surrounding  Timagami  lake  and  the  greater 
part  of  the  central  portion  of  the  area  only  small  tracts  would  be 
available  for  purposes  of  settlement.  The  soil  in  general  is  extremely 
light,  and  without  the  aid  of  artificial  fertilizers  would  soon  fail  to 
yield  any  adequate  return.  The  rosy  picture  too  often  drawn  of 
immense  tracts  of  land  available  for  agricultural  purposes  is  to  say 
the  least  very  misleading,  for  apart  from  possible  mining  and  its 
timber  resources,  by  far  the  greater  portion  of  the  region  will  only  be 
valuable  as  a  health  and  recreation  ground  for  tourists  and  sports- 
men. The  great  tracts  of  forest  as  yet  untouched  by  the  axe,  the  vast 
number  of  picturesque  lakes,  both  great  and  small,  with  fish  and  game 
in  abundance,  seem  to  render  the  district  especially  attractive  for 
such  purposes. 

Climate. 

•  In  regard  to  the  climate  of  the  district  as  a  whole,  it  may  be  said 

in  a  general  way  that  the  advent  of  spring  is  from  three  weeks  to  a 
month  behind  that  of  the  region  immediately  surrounding  the  city  of 
Ottawa,  with  a  correspondingly  earlier  setting  in  of  the  winter.  The 
winter  is  as  a  rule  one  of  long  continued  and  severe  frosts,  while  the 
summer  is  proportionately  shorter  and  much  cooler  than  the  country 
bordering  the  lower  Ottawa.   The  average  fall  of  snow  in  winter,  as 
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well  as  the  rainfall  during  summer,  is  likewise  considerably  in  excess 
of  that  in  regions  farther  to  the  south. 

Navigation  generally  opens  on  Lake  Timiskaming  about  the  end  of 
the  first  week  in  May,  although  in  occasional  unfavourable  seasons  it 
is  sometimes  delayed  a  few  days  longer,  while  Kipawa  lake  does  not 
usually  break  up  until  a  week  later.  In  1893  the  ice  on  the  latter  lake 
broke  up  and  moved  out  between  the  15th  and  17th  of  May.  Lake 
Timagami,  which  occupies  the  height-of-land  between  the  waters 
flowing  to  Lake  Timiskaming  and  those  emptying  into  Georgian  bay, 
being  nearly  400  feet  above  the  last-named  lake,  does  not  generally 
break  up  until  the  latter  part  of  May,  the  lake  usually  being  clear  of 
ice  about  the  24th  of  May.  The  season  of  navigation  closes,  as  far  as 
Lake  Timagami  is  concerned,  between  the  10th  and  15th  of  November, 
while  on  Lake  Timiskaming  steamers  have  been  known  to  make  fairly 
regular  trips  within  a  few  days  of  Christmas,  although  as  a  rule  these 
boats  cease  running  early  in  December. 

The  snow  begins  to  melt  about  the  middle  of  April,  and  has  gener- 
ally all  disappeared  by  the  10th  of  May,  although  both  snow  and  ice 
were  noticed  in  secluded  nooks  and  cracks  along  the  sides  of  the 
precipitous  cliffs  on  the  west  side  of  the  Ottawa  river  as  late  as  the 
end  of  May.  Mr.  C.  C.  Farr,  formerly  of  the  Hudson's  Bay  Company, 
and  now  postmaster  of  Haileybury,  who  has  become  identified  with 
this  young  and  flourishing  settlement,  states  that  '  seeding-time  com- 
mences about  the  first  week  in  May  and  ends,  so  far  as  oats  are  con- 
cerned, about  the  fourth  of  June,  though  oats  have  been  sown  as  late 
as  the  20th  of  June,  and  have  done  fairly  well.  Potatoes  can  be 
planted  as  late  as  the  20th  of  June,  and  it  does  not  profit  much  to 
put  them  in  before  the  24th  of  May.  Corn,  cucumbers  and  melons 
can  be  sown  about  that  date.  Haying  commences  about  the  14th 
July,  harvest  the  15th  August.' 

Summer  frosts,  so  much  dreaded  by  the  farmers,  especially  in  dis- 
tricts newly  opened  for  settlement,  have  in  the  past  proved  a  rather 
serious  barrier  to  the  successful  raising  of  wheat,  while  oats  have  suf- 
fered severely,  particularly  in  clearances  situated  some  distance  from 
the  larger  bodies  of  water.  Frosts  generally  occur  from  the  18th  to  the 
25th  of  August  on  the  calm,  clear  nights  following  heavy  north  winds. 
In  the  vicinity  of  Lake  Timiskaming  the  settlers  often  escape  them 
altogether  on  account  of  their  proximity  to  this  large  sheet  of  water, 
or  their  crops  are  but  slightly  injured,  the  more  tender  vegetables 
frequently  being  the  only  sufferers.  The  gradual  clearing  up  of  the 
land  and  the  draining  of  many  of  the  swamps  will,  however,  mater- 
nally mitigate  this  difficulty,  particularly  in  the  district  in  the  vicinity 
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of  Lake  Timiskaming,  which  is  the  area  most  suitable  for  extensive 
settlement. 

The  Native  Inhabitants. 

The  Indians  who  reside  within  the  area  under  description  belong  to 
the  once  numerous  and  powerful  Algonquin  family.  They  speak  the 
Otchipew  or  Chippewa  language,  the  same  as  that  in  uae  among  the 
many  bands  which  are  scattered  oyer  the  wide  territory  to  the  north 
and  west  of  Lake  Superior,  with  only  a  few  minor  alterations.  They 
are  divided  into  three  bands  known  respectively  as  the  Nipissing, 
Temiscamingue  and  Temagamingue  bands.  On  June  30th,  1887,  the 
census  taken  by  the  Department  of  Indian  Affairs  showed  a  total 
Indian  population  of  894,  while  on  June  30,  1897,  this  population  had 
only  been  increased  to  430.  The  census  taken  in  1887  showed  the 
following  numbers  in  each  band,  Nipissing  165,  Temiscamingue  136, 
and  Temagamingue  93,  while  that  taken  in  1897  shows  the  population 
of  the  several  bands  to  be.  Nipissing  193,  Temiscamingue  162,  and 
Temagamingue  75.  While,  therefore,  the  total  Indian  population  of 
the  district  shows  a  slight  increase,  one  of  the  bands  (Temagamingue) 
is  slowly  but  surely  decreasing.  Two  of  the  bands  are  comfortably 
settled  on  spacious  reserves,  but  no  tract  of  land  has  yet  been  allotted 
to  the  Temagamingue  band.  The  Nipissing  band  resides  chiefly  in  two 
small  villages  situated  on  the  north  shore  of  Lake  Nipissing.  The 
larger  of  these  is  about  two  miles  west  of  North  Bay  to  the  south- 
west of  Beaucage  station  on  the  Canadian  Pacific  railway,  while  the 
smaller  one  is  located  near  the  western  boundary  of  the  reserve,  about 
four  miles  southeast  of  Sturgeon  Falls.  The  Indians  and  associated 
half-breeds  have  built  a  considerable  number  of  rather  substantial 
dwellings,  each  with  a  small  cultivated  patch  attached,  on  the  northern 
bank  of  the  Quiuze  river,  forming  the  village  or  settlement  of  North 
Timiskaming. 

Timber. 

All  the  early  explorers  speak  in  terms  of  enthusiasm  of  the  original 
great  forests  of  the  region  here  described.  The  most  valuable  tree  from 
a  commercial  standpoint  is  the  white  pine  (Pinus  strobus),  and  in 
spite  of  the  extensive  operations  carried  on  almost  uninterruptedly  by 
the  lumbermen  throughout  a  large  part  of  this  region  during  the  past 
fifty  years  this  tree  is  still  present  in  considerable  quantity.  Next 
in  importance  and  more  abundantly  distributed  is  the  Norway  or  red 
pine  (Piniu  resinosa).  In  the  early  years  of  the  lumber  trade  the 
greater  value  of  this  tree  caused  it  to  be  sought  for  at  more  remote 
distances  than  the  white  pine,  and  thus  we  find  at  this  time  that 
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camps  for  cutting  red  pine  timber  were  many  miles  in  advance  of 
those  erected  for  the  purpose  of  securing  white  pine  logs.  The  superior 
qualities  of  the  white  pine,  however,  soon  came  to  be  recognized  and 
in  time  completely  drove  the  red  pine  from  the  market,  or  so  limited 
its  sale  that  only  a  few  of  the  finest  trees  were  hewed  down  and 
utilized.  Of  late  years,  however,  the  marked  diminution  in  size  and 
quantity  of  the  white  pine  has  again  brought  the  red  pine  forward, 
and  both  varieties  are  now  cut  without  discrimination.  The  red  pine 
seems  to  flourish  on  the  apparently  sterile  sand  plains,  which  are  a 
feature  in  many  parts  of  this  district,  and  frequently  forms  exceed- 
ingly thick  groves  on  the  aides  of  hills  where  sand  and  gravel  have 
collected,  or  on  points  composed  of  these  drift  materials  which  jut 
out  into  many  of  the  lakes. 

Jackpine.  called  by  some  pitch-pine,  or  bastard  spruce  (Pinus 
banl-siana),  is  very  often  encountered  in  the  more  barren  and  rocky 
areas,  and  its  presence  seems  an  almost  certain  indication  of  the  ex- 
treme poverty  of  the  underlying  soil.  It  is  usually  more  or  less 
scrubby  or  stunted  in  its  growth,  although  occasionally,  as  in  some 
areas  to  the  northwest  of  Lake  Timiskaming,  it  attains  sufficient  dim- 
ensions to  be  utilized  for  rough  lumber.  In  the  vicinity  of  the  south- 
ern and  eastern  shores  of  Lake  Nipissing  the  scanty  groves  of  dwarf- 
like evergreens  are  almost  wholly  composed  of  this  species,  the  hardy 
roots  penetrating  the  various  cracks  and  crevices  of  the  rock.  This 
tree  also  seems  to  select  sandy  or  gravelly  plains  which  have  been 
overrun  by  fire  and  which  had  previously  been  occupied  by  a  luxuriant 
growth  of  red  or  white  pine. 

Both  white  and  black  spruce  (Picea  alba  and  Picea  nigra)  are  fre- 
quently met  with,  the  latter  being  more  abundant,  but  are  too  small 
to  be  of  any  commercial  value  for  lumber,  although  many  individuals 
would  make  excellent  masts  or  spars. 

White  cedar  (Thuga  occidentalis)  is  usually  found  fringing  the 
banks  of  streams  or  the  shores  of  lakes,  where  it  often  forms  a  thick 
and  at  times  an  almost  impenetrable  undergrowth.  Overhanging  trees 
are  frequently  undermined  by  the  waters  or  current  during  times  of 
high  water,  and  thus  it  happens  that  most  of  the  drift-wood  encount- 
ered belongs  to  this  species.  Its  favourite  haunt  also  seems  to  be  the 
marshy  hollows  or  flats  which  so  commonly  occur  between  the  rocky 
hills,  and  extensive  areas  of  swamps  are  almost  entirely  covered  with 
a  dense  forest  of  this  tree.  As  a  rule  the  tree  is  small  and  more  or 
less  stunted  in  its  growth,  while  the  larger  individuals  are  frequently 
hollow  at  the  butt.  To  the  north  and  northwest  of  Lake  Timiskaming 
many  fine  speciments  of  this  tree  were  noticed. 

The  white  or  canoe  birch  (Betula  papyrifera) is  also  of  very  common 
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oocurrenoe,  and  together  with  the  aspen  poplar  forms  the  prevailing 
second  growth  in  areas  which  have  been  recently  swept  by  fire.  Both 
species  in  these  instances  form  very  thick  groves  of  tall  and  straight 
though  small  trees.  Interspersed  with  the  more  prevalent  evergreen, 
especially  where  the  soil  is  deeper  and  better,  are  occasional  large 
trees  which  are  of  sufficient  size  to  furnish  good  bark  for  canoes,  as 
in  the  Sturgeon  River  valley,  where  good  sized  specimens  may  still 
be  procured.  The  birch-bark  canoes  made  on  Lakes  Nipissing  and 
Timagami  and  at  Mattawa  have  always  been  considered  the  very  best 
of  their  kind  both  in  build  and  material,  but  of  late  years  the  supply 
of  good  and  suitable  bark  is  becoming  perceptibly  less. 

Three  varieties  of  the  poplar  were  noticed  throughout  the  region, 
the  balsam  or  rough-barked  poplar  (Populus  balsamifera),  the  white 
or  aspen  poplar  (Populus  tremuloides)  and  the  large  toothed  poplar 
or  aspen  (Populus  grandidentata).  The  poplar  sometimes  forms 
stately  trees,  especially  in  the  Sturgeon  River  valley  and  in  the  coun- 
try to  the  north  and  northwest  of  Lake  Timiskaming.  Tamarack, 
sometimes  called  hackmatack  and  occasionally  juniper,  (Larix  ameri- 
cana),  is  abundant,  and  in  common  with  the  cedar,  and  in  a  lesser 
degree  the  spruce,  affects  the  low-lying  areas  or  those  portions  of  the 
forest  where  moisture  may  be  readily  and  constantly  secured.  The 
immense  tracts  of  swampy  land  between  the  headwaters  of  the  Tom- 
iko  and  Ottertail  rivers  to  the  north  of  the  Spruce  lakes  contain  an 
abundant  supply  of  good  sized  specimens  of  this  tree,  and  it  is  con- 
stantly met  with  all  through  the  region  whenever  the  conditions  are 
favourable  to  its  growth. 

The  balsam  or  fir  (Abies  balsamea)  is  one  of  the  most  common  in 
the  moist  areas.  Hemlock  (Tsxiga  canadensis)  was  noticed  north- 
ward to  the  Indian  portage-route  to  Kipawa  lake,  a  short  distance 
below  the  mouth  of  the  Kipawa  river,  but  no  specimens  were 
observed  as  far  north  as  the  Old  Fort  narrows.  It  occurs  rather 
abundantly  and  of  large  size  in  the  vicinity  of  Lake  Nipissing  and  on 
the  Sturgeon  river,  but  was  not  remarked  in  the  northern  and  north- 
western portions  of  the  region.  The  basswood  or  linden  tree  (Tilia 
americana)  was  occasionally  noticed  on  the  Sturgeon  river,  while  Sir 
William  Logan  mentions  individuals  two  feet  in  diameter,  associated 
with  black  birch  and  maple  of  similar  dimensions,  in  the  hardwood 
strip  of  country  extending  from  behind  the  hills  north  of  Trout  lake 
at  the  head  of  the  Mattawa  river  to  the  Opimika  narrows  on  Lake 
Timiskaming.  The  basswood  was  also  noticed  mixed  with  maple,  elm, 
poplar  and  balsam  near  the  mouth  of  the  Blanche  at  the  north  end  of 
Lake  Timiskaming. 

The  American  yew,  sometimes  called  ground  hemlock  (Taxus  baccate 


Digitized  by  Google 


TIMBER 


351 


Tar.  Canadensis) ,  is  an  exceedingly  common  shrub,  and  is  particularly 
noticeable,  as  when  present  it  often  forms  an  almost  impenetrable  un- 
derbrush. Alder  and  willow  of  several  varieties  are  present  in  the 
various  swamps  or  lining  the  banks  or  shores  of  streams  and  lakes. 
Although  nearly  all  the  principal  varieties  of  hardwood  are  found  in 
this  region  the  proportion  which  such  trees  bear  to  timber  of  a  softer 
description  is  quite  insignificant.  Of  the  maple  family  perhaps  the 
most  abundant  is  the  sugar  maple  (Acer  saccharum),  which  is  fre- 
quently of  large  dimensions.  The  soft  maple  (Acer  rubrum)  is  also 
present  in  large  quantities,  but  the  black  or  bird's  eye  maple  (Acer 
nigrum)  is  only  rarely  met  with  in  the  valleys  of  the  southern  portion 
of  the  region.  The  mountain  maple  (Acer  spicatum)  is  one  of  the 
common  varieties  in  moist  ground,  while  the  striped  maple  (Acer 
pennsylvanicum)  was  noticed  in  many  places.  This  tree  is  often 
called  moosewood,  because  the  green  and  juicy  tops  form  a  favourite 
food  for  the  moose,  although  the  true  '  moosewood '  (Dirca  palustris) 
was  noticed  in  many  places  suitable  to  its  growth. 

Large  trees  of  yellow  birch  (Betula  lutea)  were  remarked  through- 
out the  region,  especially  in  the  vicinity  of  the  northern  end  of  Lake 
Timiskaming,  while  specimens  of  the  black  or  cherry  birch  (Betula 
lenta)  were  seen  over  thirty  inches  in  diameter  in  the  region  to  the 
north  of  the  Mattawa  river.  The  blue  oak  or  swamp  white  oak  (Quer- 
ent maerocarpa)  is  the  most  abundant  of  the  oak  family,  and  its 
favourite  haunt  seems  to  be  the  alluvial  fiats  or  intervals  along  the 
banks  of  streams  where  the  soil  is  sufficiently  moist  and  fertile.  Here 
it  is  associated  with  the  white  elm  (Ulmus  americana),  which  forms 
large  and  beautiful  trees,  and  the  black  or  water  ash  (Fraxinus  sam- 
bucifolia).  The  white  oak  (Quercus  alba)  seems  to  delight  in  lighter 
and  drier  soil,  and  good  specimens  were  seen  growing  in  the  vicinity 
of  Fort  Timiskaming.  The  red  oak  (Quercus  rubra)  was  also  noticed 
in  places  as  far  north  as  our  explorations  extended.  Ironwood  ( Oatrya 
virginica)  is  tolerably  abundant  and  good.  Specimens  were  noticed 
growing  with  the  American  beech  (Fagus  ferrugvnea)  in  the  atrip  of 
hardwood  land  about  five  miles  west  of  the  Opimika  narrows  on  Lake 
Timiskaming. 

Of  the  wild  fruits  the  thimble  berry  (Rubus  villosus)  is  only  very 
sparingly  represented,  if  at  all,  in  the  southeastern  portion  of  the  dis- 
trict on  the  Ottawa,  but  the  red  raspberry  (Rubus  strigosus)  is  abun- 
dant on  all  neglected  clearings,  or  in  areas  which  have  been  burnt, 
and  in  the  vicinity  of  deserted  lumber  camps.  The  wild  grape  (Vitis 
riparia)  was  seen  growing  on  Mann  island,  Lake  Timiskaming,  as 
well  as  on  several  islands  of  Lake  Nipissing.  Both  varieties  of  the 
low-bush  cranberry  (Oxy coccus  macrocarpus  and  0.  vulgaris)  are 
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found  on  many  of  the  marshes  which  are  so  prevalent  around  Lake 
Nipissing.  The  former  species  is  the  variety  generally  collected,  and 
the  extensive  swampy  flats  in  the  vicinity  of  the  mouth  of  the  Stur- 
geon river  on  Lake  Nipissing  are  the  principal  localities  for  these  ber- 
ries. They  formerly  were  a  source  of  considerable  revenue  to  the 
thrifty  Nipissing  band  of  Indians,  who  took  them  in  barrels  down  to 
the  French  river  to  sell  to  the  traders  on  Lake  Huron.  Several  bar- 
rels of  the  smaller  variety  of  cranberry  (0.  vulgaris)  were  bent  to 
Toronto,  but  did  not  command  a  sufficient  price  even  to  pay  expenses. 

The  high  bush  cranberry  (Viburnum  opulus)  grows  in  damp 
ground  along  the  river-valleys  or  on  the  margins  of  lakes  where  the 
shores  are  low.  The  bushes  are  sometimes  between  ten  and  twenty 
feet  in  height,  and  are  especially  abundant  on  Devil  channel  at 
the  head  of  Lake  Timiskaming,  on  the  shores  of  Mann  island  in 
Lake  Timiskaming,  and  fringing  the  banks  of  the  Little  and  Otter- 
tail  rivers  farther  to  the  south.  The  two  varieties  of  blueberry  com- 
monly met  with  (Vaccinium  canadense  and  V.  corymbosum)  are  pre- 
sent on  all  surfaces  which  have  been  lately  swept  by  fire,  and  the  In- 
dians have  been  known  to  set  fire  to  some  of  the  smaller  islands  in 
order  to  get  a  supply  of  this  fruit.  Vaccinium  canadense  prefers  the 
drier  and  more  rocky  locality,  but  is  also  frequently  noticed  in 
swampy  flats  directly  exposed  to  the  sun's  rays,  while  Vaccinium 
corymbosum  with  less  abundant  though  much  better  and  larger  fruit, 
prefers  a  deeper  and  richer  soil  as  well  as  localities  which  are  more 
in  the  shade. 

Fauna. 

Of  the  deer  tribe  the  most  abundant  are  the  moose  (Alee  ameri- 
eanus)  and  the  red  or  Virginia  deer  (Virginianus  cariacus).  Owing 
to  the  recent  provisions  made  by  the  Ontario  Government  looking  to 
their  preservation,  aided  no  doubt  by  the  advance  of  settlement  to  the 
south,  these  animals  have  become  exceedingly  numerous.  The  moose 
in  particular  is  abundant,  and  their  'runways,'  especially  in  the 
vicinity  of  rivers  and  lakes  off  the  frequented  routes  of  travel,  are 
usually  better  beaten  than  many  of  the  cattle  paths  in  the  neighbour- 
hood of  considerable  settlements.  This  is  notably  the  case  on  the 
Otter  tail  river,  which  flows  into  Lake  Timiskaming  from  the  west 
about  four  miles  above  the  Opiinika  narrows  on  the  small  stream 
connecting  Boice  and  Wicks  teed  lakes,  as  well  as  on  the  lower  part  of 
the  Montreal  river.  It  is  only  within  the  last  ten  years  that  the  red 
or  jumping  deer  have  become  at  all  numerous,  and  before  1387  only 
•occasional  specimens  were  shot,  but  now  every  sandy  beach  in  the 
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more  secluded  portions  of  the  region  is  covered  with  the  imprints  of 
the  feet  of  these  animals. 

The  wolf  (Cants  lupus)  has  likewise  become  rather  common,  al- 
though a  few  years  ago  it  was  rarely  if  ever  encountered.  This 
animal  follows  very  closely  the  migrations  of  the  deer. 

Both  moose  and  red  deer  are  gradually  moving  northward  and 
northwestward,  the  former  being  met  with  in  the  vicinity  of  Abitibi 
lake  where  previously  they  were  unknown,  while  occasional  speci- 
mens have  been  shot,  according  A-  Mr.  A.  P.  Low,  close  to  Moose 
Factory  on  James  bay. 

The  woodland  caribou  (Rangifer  caribou)  is  not  at  all  abundant, 
and  chiefly  inhabits  the  region  to  the  north  and  northeast  of  Kipawa 
lake,  becoming  more  numerous  to  the  northeast.  The  black  bear 
(Ursus  americanus)  is  still  a  rather  common  animal,  but  the  constant 
demand  for  and  ready  sale  of  the  skins  has  led  to  their  diminution. 

Specimens  of  the  fox  (Vulpes  vulgaris)  are  encountered  and  the 
skins  find  a  ready  sale.  The  Canada  lynx  or  wild  cat  (Lynx  canaden- 
sis) is  likewise  found,  but  only  occasionally.  The  otter  (Lutra  can- 
adensis) and  the  beaver  (Castor  fibre)  are  fast  becoming  extinct  in 
this  region,  although  signs  of  their  presence  may  still  be  seen  on 
many  of  the  less  frequented  streams  and  ponds. 

The  fisher  (Mustela  pennantii),  the  sable  or  marten  (Mustela  amtri- 
eana),  the  stoat  or  ermine  (Putorius  ermineus),  the  mink  (Putorius 
vision),  and  the  muskrat  (Fibre  zibethicus)  are  also  met  with,  and  the 
two  last-named  are  still  abundant  in  the  region.  The  skunk  (Mephitis 
mephitica)  is  very  common,  especially  in  the  vicinity  of  the  settle- 
ments or  lumber  camps,  where  they  come  to  feed  on  the  rubbish 
thrown  from  the  kitchen. 

The  porcupine  (Erethizon  dorsatus),  ground  hog  (Arctomys  mono*) 
and  the  hare  or  rabbit  (Lepus  americanus)  are  also  common.  The 
chipmunk  or  striped  squirrel  (Tamias  striatus),  the  red  squirrel  or 
chickaree  (Sciurus  hudsonius)  and  the  flying  squirrel  (Sciuropterus 
volucella)  are  likewise  common  throughout  the  district. 

No  special  attention  was  devoted  to  noting  the  presence  or  habits  of 
the  birds  of  the  district,  but  a  few  observations  regarding  the  most 
noticeable  ones  may  be  of  interest.  Ducks  are  as  a  rule  comparatively 
scarce  throughout  the  greater  part  of  the  area,  chiefly  because  of  the 
marked  absence  of  wild  rice,  their  favourite  food,  and  the  somewhat 
rare  occurrence  of  open  marshes,  their  customary  habitats.  There  are, 
however,  several  very  notable  exceptions  to  this  rule,  and  the  shallow 
swampy  bays  which  characterize  the  west  portion  of  Lake  Ni pissing, 
the  northeastern  extremity  of  Shabosagi  or  Wicksteed  lake,  as  well 
as  the  northern  end  of  Lake  Timiskaming,  are  favourite  resorts  for  a 
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rather  large  number  of  ducks  during  certain  months  both  in  the 
spring  and  autumn.  During  the  summer  months  it  sometimes  hap- 
pens in  passing  over  the  less  frequented  routes  that  occasional  speci- 
mens of  the  black  duck  {Anas  obseura)  and  the  wood  duck  (Aix 
sponsa)  are  met  with. 

The  merganser  or  saw-bill  (Merganser  americanus)  is  a  very 
familiar  sight  along  the  numerous  waterways,  especially  at  the  foot  of 
small  rapids. 

Occasional  specimens  of  the  pied-billed  grebe  or  dabchick  (Poditym- 
bus  podiceps)  were  also  met  with.  The  great  northern  diver  or  loon 
(Urinator  imber)  is  also  a  common  inhabitant  of  the  district.  With 
few  exceptions  each  of  the  small  lakes  has  a  pair  of  these  birds,  while 
in  the  larger  expanses  of  water  every  individual  bay  or  arm  contains 
two  loons,  who  year  after  year  return  with  great  regularity  to  the 
same  locality  for  breeding  purposes. 

The  osprey  (Panidion  haliaetus  carolinensis)  was  frequently 
noticed,  the  nest  being  usually  situated  on  the  very  summit  of  a  lofty 
white  pine  '  rampike.' 

The  herring  gull  (Lams  argentatus  smithsonianus)  is  also  one  of 
the  most  abundant  birds  of  the  lakes  of  this  region.  Its  nesting  place 
is  usually  on  bare  rounded  hummocks  of  rock,  almost  completely  des- 
titute of  soil  or  vegetation. 

The  raven  (Corvus  corax  principalis)  very  often  builds  on  the  in- 
accessible ledges  of  the  high  rocky  perpendicular  cliffs.  Some  of  the 
principal  localities  where  these  birds  have  nested  from  year  to  year 
are — the  Roche  a  Corbeau  and  *  The  Canal '  on  Lake  Kipawa,  the 
west  side  of  Lady  Evelyn  lake,  the  Crow  Rock  in  the  northern  part  of 
Annima-Nipissing  lake  and  other  places  where  the  cliffs  are  high  and 
sufficiently  steep.  The  belted  king-fisher  (Ceryle  alcyon)  is  constantly 
seen  along  the  margins  of  creeks  and  rivers.  The  ruffed  grouse  or 
birch  partridge  (Bonasa  umbellus  togata)  is  very  common,  as  is  also 
the  Canada  grouse  or  spruce  partridge  (Dendragopus  canadensis). 
Both  the  white  ptarmigan  (Lagopus  lagopus)  and  rock  ptarmigan 
(Lagopus  rupestris)  are  also  occasional  visitors  to  this  district. 
_  Fish  are  exceedingly  abundant  in  nearly  all  the  lakes.  The  largest 
fish  met  with  is  perhaps  the  lake  or  rock  sturgeon  (Acipenser  rubi- 
eundus)  although  many  individuals  of  the  lake  trout  nearly  equal 
the  sturgeon  in  size.  The  sturgeon  was  formerly  a  rather  abundant 
inhabitant  of  Lake  Nipissing,  but  of  late  years,  owing  doubtless  to 
tho  increase  in  the  number  of  settlers,  is  less  common  there. 

From  an  economic  standpoint,  however,  the  lake  trout  (8alvelinus 
namaycush)  and  the  whitefish  (Coregonus  clupeiformis)  are  the  most 
important,  as  they  are  not  only  abundantly  and  widely  distributed 
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throughout  the  larger  lakes  of  the  district,  but  form  a  usual  and 
valuable  article  of  diet  among  the  scattered  settlements.  Both  these 
fish,  although  present  in  considerable  quantity  in  Lake  Nipiasing,  at- 
tain their  largest  dimensions  in  the  clear  depths  of  Lake  Timagami. 
There  are  no  trout  in  Lake  Timiskaming  or  the  Ottawa  river  or  even 
in  Lake  Kipawa,  although  most  of  the  lakes  immediately  tributary 
to  these  contain  abundant  and  fine  specimens  of  these  fish.  The  brook 
trout  (Salvelinus  fontinalit)  although  comparatively  rare  is  rather 
widely  distributed,  and  its  presence  in  any  stream  or  lake  is  a  sure 
indication  of  unusually  clear  and  cold  water.  The  small  lakes  to  the 
west  of  the  Mountain  rapid  on  the  Ottawa  contain  them  in  abund- 
ance, while  they  are  exceedingly  numerous  in  the  Opimika  creek  and 
the  lakes  which  this  drains,  especially  Emerald  lake.  La  tour  creek, 
which  empties  Trout  lake,  in  the  township  of  Lorraine  on  the  west 
side  of  Lake  Timiskaming,  has  always  been  a  favourite  fishing  resort 
for  the  inhabitants  of  the  Hudson's  Bay  Company's  old  post,  although 
the  largest  and  finest  specimens  of  this  fish  in  the  whole  region  may 
be  procured  in  the  streams  entering  Willow  Island  lake  to  the  west  of 
Lady  Evelyn  lake. 

Closely  allied  to  the  whitefish  is  the  fresh-water  or  lake  herring 
(Coregonus  artedi),  which  is  somewhat  abundant  in  many  of  the 
lakes. 

Next  in  importance  to  the  trout  and  whitefish  are  the  various 
species  of  b.tss  and  sunfish  which,  with  the  exception  of  the  black 
bass,  do  not  attain  to  any  great  size.  The  black  bass  are  of  excellent 
quality  and  exceedingly  plentiful,  these  fish  being  found  in  most  of 
the  lakes  comprised  within  the  area  of  the  map-sheets.  Both  species, 
the  large-mouthed  and  small  mouthed,  (Mieropterus  salmoides  and 
M.  dolomieu)  are  present  There  is  an  extreme  variability  in  point  of 
colour  which  is  clearly  owing  to  the  nature  of  their  surroundings.  In 
lakes  and  streams  where  the  water  is  of  a  prevailing  brownish  tint  the 
bass  have  a  correspondingly  dark  hue,  while  in  the  clear,  greenish 
water  of  Lake  Timagami  and  Little  lake,  to  the  east  of  the  Old  Fort 
narrows,  the  bass  have  a  pale-green  coloration.  This  variation  in 
hue  is  not  a  peculiarity  affecting  the  bass  alone,  but  may  be  also 
noticed  in  the  trout,  pike  and  especially  in  the  pickerel.  The  finest 
specimens  of  these  fish  may  be  secured  in  Lady  Evelyn  lake  (which 
contains  no  trout),  Timagami,  Red  Cedar,  Annima-Nipissing,  White- 
bear,  Net  and  Rabbit  lakes,  although  these  by  no  means  exhaust  the 
list;  while  on  Lake  Timiskaming  and  Little  lake,  though  not  so 
abundant,  the  specimens  obtained  are  generally  of  very  large  size. 

The  rock  bass  or  red  eye  (Ambloplite*  rupestru)  and  the  common 
sunfish  (Lepomis  pallidum)  are  also  extremely  numerous  where  condi- 
tions are  favourable. 
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The  common  yellow  perch  and  the  pike-perch  or  pickerel  are  closely 
allied  forms.  The  yellow  perch  (Perca  americana),  although  of  good 
quality  is  generally  small,  rarely  attaining  over  one  pound  in  weight, 
while  the  average  size  is  very  much  smaller.  It  is  not  of  economic 
importance  as  a  food  fish  like  the  pickerel.  The  pickerel  {Stizostedium 
vitreum),  called  by  the  French  dore,  is  possibly  next  to  the  trout  and 
whitefish  the  most  valuable  food  fish  found  in  the  region.  During 
several  weeks  of  summer  (generally  in  August)  these  fish  retreat  to 
the  deeper  water  of  the  lakes,  but  at  other  times  they  may  be  readily 
secMred  in  large  numbers  either  by  means  of  nets  or  with  hook  and 
line.  At  the  Old  Fort  narrows  on  Lake  Timiskaming  it  is  by  far 
the  most  abundant  fish.  It  is  also  present  in  most  of  the  other  lakes 
throughout  the  district,  especially  in  Lakes  Kipawa,  Obashing  and 
Timagami  The  general  weight  is  from  four  to  seven  pounds,  but 
one  caught  by  us  on  White-bear  lake  weighed  fifteen  pounds,  while 
another  from  Hunters  Lodge  narrows  on  Lake  Kipawa  measured 
twenty-seven  inches  in  length. 

Both  the  common  pike  (Esox  lucius)  and  the  great  pike  or  mas- 
kinonge  (Esox  nobilior).  are  found,  although  the  former  is  by  far  the 
more  abundant.  The  pike  is  a  very  common  inhabitant  in  nearly  all 
the  lakes,  while  the  maskinongG  is  comparatively  rare,  although 
several  individuals  were  caught  at  the  Old  Fort  narrows  on  Lake 
Timiskaming. 

The  common  eel  (Anguilla  rostrata)  is  also  present  in  many  of  the 
lakes,  particularly  Timiskaming  and  Timagami.  Other  fishes  which 
might  be  mentioned  are  several  species  of  sucker,  the  common  cat-fish 
(Amiurus  nebulosus)  and  the  silver  chub  (Semoiilus  corporali*)  but 
none  of  these  are  of  economic  value. 

While  most  of  the  lakes  are  very  abundantly  supplied  with  fish 
there  are  some  which  deserve  special  mention.  Timagami,  Annima- 
Nipissing,  White-bear  and  Rabbit  lakes  are  par  excellence  the  waters 
in  which  both  trout  and  whitefish  are  found  in  greatest  quantity  and 
best  quality,  while  the  bass,  pickerel  and  pike  are  also  of  large  size 
and  excellent  quality.  Lady  Evelyn  and  Timiskaming  lakes  contain 
no  trout.  The  Opimika  and  Old  Fort  narrows  on  Lake  Timiskaming 
have  always  been  and  still  are  excellent  fishing  places,  the  fish  chiefly 
caught  being  pickerel,  pike  and  bass.  Pickerel  are  caught,  in  great 
numbers  in  the  spring  above  the  dam  on  Lake  Kipawa  near  the  out- 
let of  the  Kipawa  river,  as  well  as  Hunters  Lodge  narrows,  while  the 
Narrows  on  Obashing  lake  is  also  a  favourite  resort  for  these  fish. 
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GEOLOGY. 


GENERAL  STATEMENT. 


The  several  geological  systems  and  formations  represented  in  the 
region  covered  by  the  accompanying  map-sheets  and  subjacent  to  the 
Pleistocene  superficial  deposits  may  be  thus  stated  in  descending 
order : — 


The  Archaean  rocks  of  the  region  here  described  may  naturally  be 
separated  into  two  great  subdivisions,  that  of  the  so-called  Lower 
Laurentian  and  the  Huronian,  although  a  few  small  isolated  inliers  of 
crystalline  limestone,  and  one  at  least  of  a  dark-grey,  exceedingly 
squeezed  and  altered  gneissic  rock  are  found  to  be  enclosed  in  the 
ordinary  granitic  and  dioritic  gneisses.  These  are  unimportant  in 
this  district,  and  so  small  in  area  that  it  has  not  been  possible  to  dis- 
tinguish them  separately  on  the  map.  They  resemble  very  closely 
rocks  which  in  regions  farther  to  the  south  and  southeast  are  known 
as  the  Grenville  series.  The  present  report,  therefore,  does  not  include 
any  discussion  of  the  relations  of  the  rocks  classed  as  Huronian  with 
those  of  the  Grenville  series.  These  two  series  do  not  come  in  contact 
in  this  area,  and  the  question  of  their  relations  is  at  present  being 
made  the  subject  of  special  investigation  in  central  Ontario. 

Under  the  name  Laurentian,  in  the  area  here  described,  are  in- 
cluded a  great  number  of  varietal  forms  of  granitic  and  dioritic 
materials,  having  essentially  the  chemical  and  mineralogical  com- 
position of  such  rock-types,  but  differing  in  their  foliated  texture, 
a  difference  which  although  almost  invariably  present  is  sometimes 
obscure  and  occasionally  fails  altogether.  Their  subdivision  in  the 
present  report  is  based  solely  on  their  petrographical  and  mineralo- 
gical characters,  for  although  their  prevailing  foliation,  frequently 
marked  by  alternating  bands  of  varying  composition  and  colour,  re- 
sembles in  some  respects  an  original  stratification,  it  has  been  found 
impossible  to  make  any  such  stratigraphical  subdivision  correspond- 
ing to  that  of  later  and  truly  bedded  formations. 

Detailed  investigations  both  in  the  field  and  with  the  microscope, 
by  various  geologists  and  petrographers,  have  of  late  led  to  the  belief 


Silurian — Niagara. 
Palaeozoic  <  Cambro-Silurian— Trenton. 


Birdseye  and  Black  river. 


Huronian, 

Laurentian — Diorite-gneiss  and  granite-gneiss  or 
"Fundamental  gneiss." 
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that  most  of  these  gneisses  have  an  origin  in  common  with  their  more 
massive  equivalents,  and  that  the  prevailing  foliated  character  has 
been  imparted  to  the  rock-mass  by  differentiation  in  a  slowly  cooling 
magma  of  more  or  less  heterogeneous  composition,  or  as  a  result  of 
deformation  by  pressure  sfter  the  rock  had  undergone  either  partial  or 
complete  consolidation.  The  cogency  of  the  arguments  which  have 
been  urged  in  favour  of  the  recognition  of  the  greater  part,  at  least, 
of  these  rocks  as  foliated  irruptives  now  seems  beyond  question. 

Every  recent  report  aiming  at  scientific  accuracy  is  necessarily 
prefaced  by  an  apology  or  explanation  of  the  use  of  the  term  Lauren- 
tion  to  include  such  gneissic  rocks  of  irruptive  origin,  that  have  been 
in  a  molten  or  plastic  condition  at  a  time  subsequent  to  the  deposi- 
tion and  hardening  of  later  truly  stratified  rocks  with  which  they  are 
intimately  associated  and  occasionally  interfoliated. 

It  must,  therefore,  be  clearly  understood  that  in  placing  the  rocks 
here  representing  the  Laurentian  at  the  base  of  a  table  such  as  that 
just  given  it  is  not  intended  to  indicate  that  they  stand  for  any  dis- 
tinct or  prolonged  lapse  of  geological  time,  nor  to  affirm  that  these 
rocks  as  a  whole,  in  their  present  condition,  and  with  the  foliation 
they  now  possess,  really  antedate  those  of  the  Huronian  system.  This, 
it  will  be  shown,  is  not  the  case  in  many,  if  not  in  most  instances 
where  a  question  of  the  kind  can  be  determined. 

The  fundamental  gneiss  is  here,  therefore,  accorded  a  priority  in 
description  to  which  it  is  not  structurally  entitled,  as  it  may  possibly 
represent  in  great  part  the  first-formed  crust  of  the  earth,  which, 
necessarily  thin  and  fragile,  and  so  liable  to  frequent  upwellings  of 
the  molten  mass  beneath,  has  undergone  successive  fusions  and  rece- 
mentations  before  reaching  its  present  condition.  As  at  present 
mapped  it  is  regarded  as  a  complex  of  irruptive  plu  tonic  rocks,  re- 
presenting repeated  and  intricate  intrusions  of  basic  and  acidic 
material.  Although  in  many  instances,  and  in  limited  areas,  the 
succession  of  such  irruptions  can  be  ascertained  with  tolerable  accu- 
racy, any  attempt  to  correlate  this  succession  in  detail  over  extended' 
areas  has  invariably  ended  in  more  or  less  complete  failure. 

In  general,  however,  it  may  be  stated  that  the  earliest  secretions  of 
the  magma  from  which  these  rocks  have  solidified  consisted  of  a 
series  of  granitic  and  dioritic  gneisses,  very  evenly  and  distinctly 
foliated,  varying  in  colour  from  reddish  through  reddish-grey  and 
grey  to  dark  green  and  almost  black. 

These  gneissic  rocks  were  subsequently  invaded  by  a  massive,  deep- 
red  biotite-hornblende-gneiss  tuat  usually  possesses  a  more  or  less 
distinct  foliated  structure,  marked  by  the  parallel  alignment  of  the 
bisilicate  minerals.  It  seems  highly  probable,  however,  that  no  great 
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lapse  of  time  intervened  between  these  successive  irruptions,  as  the 
latter  in  all  probability  represents  the  residual  portion  of  the  magma, 
necessarily  more  acidic  and  homogeneous  in  composition.  Bikes  of 
coarse  pegmatite,  as  well  as  of  fine-grained  aplite,  cut  the  different 
varieties  of  gneissic  rocks  or  are  frequently  interfoliated  with  them. 

To  the  northeast  of  Lake  Timagami  there  is  a  large  area  of  flesh- 
red  granite  which  in  many  places,  especially  in  the  vicinity  of  Carry- 
ing and  Annima-Nipissing  lakes,  has  a  distinct  foliated  structure.  In 
appearance,  composition,  and  behaviour  it  has  so  close  a  resemblance 
to  similar  rocks  mapped  as  Laurentian  farther  to  the  south  that  it  is 
proposed  to  include  it  with  these  rocks. 

Between  Timagami  and  Rabbit  lakes  there  is  a  somewhat  similar 
granite,  which,  however,  is  continuous  with  the  main  Laurentian  area 
to  the  south,  and  is  accordingly  designated  by  the  same  coloration. 
In  both  cases  these  rocks  pass  by  insensible  gradations  into  a  medium- 
textured  dark  gabbo  or  gabbro-diorite,  with  which  they  are  in- 
timately associated,  by  an  increase  in  the  plagioclase  and  the  pre- 
ponderance of  hornblende  as  the  coloured  constituent.  Although  in 
the  accompanying  map  these  gabbro  masses  are  shown  in  the  colour 
usual  for  such  basic  intrusions  it  must  be  borne  in  mind  that  they  are 
believed  to  represent  basic  portions  or  segregations  of  the  same  magma 
that  has  elsewhere  crystallized  as  granite. 

The  Huronian  rocks  are  generally  clastic  in  composition,  appear- 
ance, and  microscopic  structure,  and  in  this  respect  are  in  marked 
contrast,  even  in  their  most  altered  phases,  to  those  described  as  con- 
stituting the  Laurentian  of  the  district.  A  large  proportion  of  these 
stratified  rocks  indicate  the  existence  of  intense  and  widespread 
vulcanism,  which  evidently  characterized  this  period;  their  composi- 
tion and  structure  showing  a  most  intimate  association  of  undoubted 
volcanic  ejectamenta  with  material  resulting  from  the  ordinary  pro- 
cesses of  erosion  and  sedimentation.  The  breccia  or  breccia-conglo- 
merate which  is  so  abundantly  represented,  and  here  forms  the  basal 
member  of  the  Huronian,  is  composed  chiefly  of  angular,  sub-angular, 
or  rounded  fragments  of  red  grey  granite,  diabase  of  different 
degrees  of  texture,  and  various  fine-grained  slaty  and  halleflinta-like 
rocks,  embedded  in  a  fine-grained,  often  argillitic  matrix,  consisting 
of  similar  material  in  a  much  finer  state  of  division,  with  chlorite 
and  sericite  filling  the  smaller  interstices. 

In  earlier  reports  on  these  rocks  the  much  greater  relative  abun- 
dance of  the  granitic  fragments,  coupled  with  the  somewhat  distinct 
foliation  observable  in  a  few  of  these,  was  evidently  taken  to  be  suf- 
ficiently strong  and  positive  evidence  to  justify  their  description  as 
strata  resulting  from  the  degradation  of  the  Laurentian  gneisses  and 


44  I  NIPISSING  AND  TIMISKAMINO  REGION 

granites.  The  more  detailed  and  critical  examinations  made  during 
recent  years,  covering  the  country  between  Lakes  Huron  and  Timis- 
kaming,  show,  however,  the  error  of  such  a  conclusion  in  any  wide  or 
general  sense.  Thus  the  rock  first  described  under  the  name  of 
'  chloritic  slate-conglomerate '  by  Sir  William  Logan  must  be  re- 
garded as  essentially  of  pyroclastic  origin,  the  volcanic  ejectamenta 
having  been  evidently  spread  out  upon  the  bottom  of  a  shallow  sea, 
where  they  have  undergone  in  many  instances  considerable  attrition 
and  re-arrangement  by  water.  Much  of  the  coarser  material  cannot 
be  correlated  with  anything  now  known  to  be  present  at  the  earth's 
surface  in  this  region ;  while  the  intimate  association  of  this  rock  with 
diabase  and  gabbro  intrusive  masses,  rather  than  with  the  granites, 
reveals  a  close  genetic  relationship  subsisting  between  these  rocks 
that  cannot  be  regarded  as  merely  accidental. 

Throughout  the  area,  the  Huronian,  where  fully  represented,  is 
separable  into  three  distinct  subdivisions  which  are,  in  ascending 
order,  as  follows: — (1.)  Breccia  or  breccia-conglomerate.  (2.)  Qrey- 
wacke  shale  or  slate.    (3.)    Feldspathic  sandstone  or  quarttite. 

As  a  rule  the  lowest  number,  or  breccia-conglomerate,  presents 
only  obscure  evidence  of  stratification,  and  wherever  such  was  visible 
the  rock  occurs  in  thick  massive  beds  showing  only  a  slight  inclina- 
tion or  dip.  This  may  be  well  seen  in  the  hills  on  either  side  of  Lake 
Timi8kaming  between  the  Montreal  river  and  the  Old  Fort  narrows. 
Where  subjected  to  pressure,  however,  as  is  very  frequently  the  case, 
the  cleavage-foliation  thus  developed  is  a  much  more  prominent 
structural  feature  and  is  thus  very  often  mistaken  for  the  bedding. 
This  is  especially  the  case  in  the  region  immediately  adjacent  to  Lake 
Timagami  where  this  rock  is  very  widely  exposed,  and  where  it  is 
associated  with  and  squeezed  between  large  masses  of  diabase  and 
granite. 

Superimposed  upon  this,  and  forming  a  transitional  rock  upwards 
into  the  succeeding  subdivision,  are  beds  of  varying  thicknesses  of 
greywacke  or  feldspathic  sandstone,  less  massive  in  structure  while 
the  coarser  fragmental  material  gradually  disappears  as  an  ascent 
is  made  in  the  series.  The  succeeding  shale  or  slate,  which  is  in  general 
very  similar  in  composition  to  the  gteywacke  or  the  finer  matrix  of 
the  breccia-conglomerate  beneath,  is  often  beautifully  banded  in  vary- 
ing shades  of  green,  purple  or  brown.  The  cleavage  in  most  cases 
corresponds  with  the  bedding,  although  occasional  instances  were 
noticed  where  cleavage  or  jointage  planes  were  developed  at  con- 
siderable angles  with  this  bedding.  Superimposed  on  this  slate,  in 
many  parts  of  the  area,  is  a  very  massive  much  jointed  quartzite  or 
grit,  generally  sea-green  in  colour  because  of  the  abundance  of 
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minute  scales  of  sericite  distributed  through  the  finer  portions  of  the 
rock.  Occasionally,  however,  it  has  a  reddish  tinge,  and  the  arkose 
then  closely  resembles  a  granite,  both  in  composition  and  appearance. 
The  rock  is  so  massive  that  it  is  often  only  by  the  parallel  alignment 
of  certain  coarse  quartzose  and  other  fragments  that  the  original 
bedding  can  be  distinguished.  These  various  members  of  the  Huron- 
ian  here  follow  one  another  in  regular  and  often  nearly  horizontal 
succession,  except  in  the  vicinity  of  the  large  igneous  masses,  where 
they  show  considerable  evidence  of  disturbance  as  well  as  of  altera- 
tion. 

The  Palaeozoic  rocks  represented  in  this  area  consist  of  outlying 
patches  of  the  following  formations: — (1)  Birdseye  and  Black  river, 
(2)  Lower  Trenton,  (3)  Niagara. 

The  outliers  representing  the  Birdseye  and  Black  River  formation 
are  exposed  on  some  of  the  islands  composing  the  Manitou  group  in 
Lake  Nipissing.  These  are  of  very  limited  extent  and  consist  of  sand- 
stones, limestones  and  shales,  the  whole  section  probably  not  exceed- 
ing thirty  feet  in  thickness. 

Some  small  exposures  of  sandstones  and  arenaceous  limestones 
occur  overlying  unconformably  the  gneissic  rocks  of  the  Laurentian 
on  the  Ottawa  river  below  Mattawa.  The  fossils  secured  from  these 
thin  exposures  indicate  that  the  containing  rocks  are  of  lower  Tren- 
ton age,  and  thus  somewhat  higher  in  the  stratigraphical  succession 
than  those  occurring  on  the  Manitou  islands. 

The  Niagara  formation,  as  exhibited  in  this  district,  is  composed  of 
light-buff  or  cream-coloured  limestones  and  shales,  with  a  basal 
boulder-conglomerate,  or  sandstone,  unconformably  overlying  the 
Huronian  slates  and  quartzites  on  the  shores  and  islands  of  the  north- 
ern portion  of  Lake  Timiskaming.  The  strata  composing  this  forma- 
tion form  a  low,  shallow,  synclinal  trough. 

The  coarser  varieties  of  drift  material,  such  as  boulders,  gravel  and 
sand,  are  rather  abundantly  represented  on  the  higher  grounds,  the 
surface  being  everywhere  more  or  less  encumbered  with  the  larger 
erratics,  especially  on  those  slopes  facing  southward,  while  the  com- 
paratively shallow  and  rocky  intervening  valleys  are  frequently  filled 
with  coarse  yellow  sand,  sometimes  derived  mainly  from  the  decom- 
position of  rock  almost  in  situ.  These  boulders  are  usually  of  rock 
types  prevalent  in  the  district,  but  some  show  carriage  from  consider- 
able distances.  With  the  exception  perhaps  of  the  Mattawa,  Nipis- 
sing and  Timiskaming  valleys  there  is  little  or  no  clay  present  in 
this  district,  the  flatter  details  of  topographical  outline  being  given 
chiefly  by  deposits  of  coarse  yellow  sand.  In  the  Timiskaming  valley 
there  is  a  thick  and  extensive  deposit  of  a  stiff,  stratified,  grey  clay 
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which  in  many  places  effectually  conceals  the  rock  beneath.  This  clay 
occurs  in  flats  of  considerable  area,  through  which  the  various  streams 
have  cut  deep  and  tortuouB  channels,  while  protruding  through  them? 
clay  plains  are  steep  and  rocky  hills  of  the  prevailing  types  of  the 
Huronian  strata.  In  the  wide  depression,  the  deepest  and  most 
northern  portion  of  which  is  occupied  by  the  Mattawa  river,  and 
which  has  also  been  utilized  in  the  construction  of  the  Canadian 
Pacific  railway,  the  minor  valleys,  and  often  too  the  separating 
rounded  rocky  elevations,  are  covered  by  clay  deposits  containing  a 
considerable  intermixture  of  boulders. 

In  the  vicinity  of  North  Bay  and  Sturgeon  Falls  a  considerable 
depth  of  coarse  and  yellow  sand  is  present  at  the  surface,  concealing 
the  grey  clay  beneath ;  but  at  the  west  of  Sturgeon  Falls,  especially 
in  the  vicinity  of  Verner,  the  stiff,  grey,  stratified  clay  comes  to  the 
surface,  forming  flats  which  have  been  burnt  over  or  cleared.  So  far 
no  fossils  have  been  found  in  these  clays,  although  in  places  diligent 
search  was  made  for  any  such  evidence  of  their  origin,  especially  in 
the  hard  concretionary  nodules  which  may  be  occasionally  noticed. 

The  arcfca  covered  by  the  several  rock  formations  may  be  stated 
roughly  as  follows :  On  the  Lake  Nipissing  sheet  there  are  about  8,186 
square  miles  of  Laurentian,  and  270  square  miles  of  Huronian,  while 
on  the  Lake  Timiskaming  sheet  there  are  only  946  square  miles  of 
Laurentian,  2,470  square  miles  of  Huronian  and  associated  eruptives, 
and  forty  square  miles  of  Silurian.  The  two  sheets  combined,  there- 
fore, show  4,182  square  miles  occupied  by  Laurentian,  and  2,740  square 
miles  by  Huronian  and  associated  granites  and  diabases.  The  Silurian 
covers  about  forty  square  miles,  but  extends  northwestward  to  a  con- 
siderable distance  beyond  the  northern  confines  of  the  Lake  Timis- 
kaming sheet.  The  aggregate  area  of  Cambro-Silurian  strata  exposed 
on  Lake  Nipissing  and  Ottawa  river  is  less  than  two  square  miles. 

LAURENTIAN. 

The  name  Laurentian  was  originally  proposed  by  Sir  William 
Logan,  in  1853,  as  the  most  appropriate  designation  for  rocks  classi- 
fied by  him  in  previous  reports  as  the  '  Metamorphic  Series,'  and 
which  were  believed  to  be  identical  in  composition  and  origin  with 
similar  rocks  so  named  and  described  by  LyelL  The  term  thus  intro- 
duced soon  received  an  almost  universal  adoption  by  geologists,  as  a 
convenient  one  for  the  gneissic  crystalline  rocks  found  to  underlie 
unconformably  the  Palaeozoic  strata,  and  presumably  forming  the 
oldest  of  the  geological  systems.  The  urgent  need  of  such  a  distinctive 
appellation  was  recognized  as  a  consequence  of  the  ambiguity  which 


Digitized  by  V^OOQle 


B«I°»1  i*AURBNTIAN  47 1 

would  necessarily  arise  from  the  use  of  such  a  general  term  as  4  meta- 
morphic,'  which  is  applicable  to  any  group  of  strata  in  an  altered 
condition,  while  the  peculiar  fitness  of  the  name  was  suggested  by  the 
fact  that  these  rocks  were  found  to  constitute  the  bulk  of  the  Lauren- 
tide  mountains,  a  series  of  elevations  lying  to  the  north  of  the  River 
St  Lawrence,  and  which  were  so  called  by  the  late  Mr.  Garneau,  the 
historian,  of  Quebec 

The  term  'gneiss'  or  'gneusa'  was  originally  employed  by  the 
early  Saxon  miners  for  the  country-rock  containing  the  Erzgebirge 
silver  ore  deposits.  The  rocks  so  named  were  divided  into  a  '  red ' 
and  '  grey '  variety,  which  although  differing  somewhat  in  their  com- 
ponent minerals  presented  many  features  in  common  that  caused  them 
to  be  included  under  a  uniform  designation.  The  rocks  so  described 
are  closely  analogous  in  composition  and  structure  to  many  of  the 
rocks  within  the  area  of  the  present  map-sheets,  and  to  which  the  name 
'  gneiss  *  has  been  usually  applied.  The  name  was  very  generally 
adopted  by  geologists,  and  its  use  was  primarily  restricted  to  rocks 
essentially  granitic  in  their  composition  and  appearance,  differen- 
tiated solely  on  account  of  their  foliated  texture;  the  persistency  of 
this  peculiar  structure  over  large  areas  presumably  furnishing  proof 
of  a  difference  in  origin  from  the  normal  or  massive  type.  Gradually, 
however,  the  use  of  the  term  became  so  extended  as  to  include  a  great 
variety  of  crystalline  rocks  differing  widely  in  composition  and  origin, 
but  which  exhibited  in  common  a  more  or  less  decided  tendency  to  a 
parallel  arrangement  of  their  component  minerals. 

Although  modern  petro  graphical  studies  have  demonstrated  the  in- 
applicability of  such  a  term  for  purposes  of  accurate  description, 
except  as  an  affix  to  denote  the  structural  features  of  the  rock-types 
examined,  the  name  must  still  be  employed  as  a  convenient  1  field ' 
term,  as  a  means  of  rough  description  and  correlation  where  detailed 
microscopic  examination  is  either  impossible  or  considered  unneces- 
sary. 

The  origin  of  these  gneissic  crystalline  rocks  was,  for  a  long  time, 
more  or  less  a  matter  of  theory  and  conjecture.  Previous  to  the  pro- 
mulgation of  the  theories  regarding  rock  metamorphism,  first  held  by 
Hutton  and  subsequently  by  Lyell,  to  whom  we  owe  the  first  use  and 
definition  of  this  term,  these  rocks  were  regarded  as  portions  of  the 
primeval  crust,  which  had  either  never  been  enveloped  by  the  later 
sedimentaries,  or  from  which  such  covering,  if  originally  present,  had 
been  removed  as  a  result  of  subsequent  upheaval  and  denudation. 
Such  rocks  were  then  almost  invariably  referred  to  as  the  1  Funda- 
mental gneiss  or  granite '  and  believed  to  be  the  basement  or  floor 
upon  which  all  subsequent  sedimentary  formations  were  deposited. 
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Metamorphism,  either  regional  or  contact,  has  always  been  considered 
the  most  potent  influence  in  the  destruction  of  evidence  of  original 
structure  and  composition  in  rocks  subjected  to  the  effect  of  the 
earth's  internal  heat,  or  that  engendered  by  the  proximity  of  eruptive 
masses. 

The  various  changes,  however,  which  this  term  describes,  were  for 
a  long  time  thought  to  be  confined  entirely  to  sedimentary  strata, 
while  masses  of  igneous  plutonic  rocks  were  regarded  as  too  hard  and 
unyielding  to  be  at  all  affected  by  the  metamorphosing  agencies  of 
even  the  most  profound  orographic  movements.  Foliation,  though 
long  held  to  be  entirely  distinct  from  stratification  in  the  case  of 
slaty  and  other  allied  rocks,  was  in  the  instance  of  these  gneissic 
rocks  regarded  as  the  surviving  trace  of  the  parallel  structure  due 
to  original  sedimentation  which  had  escaped  obliteration.  It  is  only 
in  very  recent  years  that  this  impression  has  been  overcome  by  de- 
tailed examination  and  study,  both  in  the  field  and  with  the  micro- 
scope, carried  on  by  many  individual  observers  in  large  nnd  widely 
separated  districts,  showing  clearly  that  foliation  and  schistosity  can- 
not be  assumed  to  denote  original  stratification. 

The  first  really  exact  and  satisfactory  account  of  crystalline  schists 
resulting  from  the  metamorphism  of  massive  emptives  was  given  as 
the  outcome  of  the  detailed  work  by  Lossen  in  the  Hartz  mountains, 
who,  as  early  as  1872,*  directed  attention  to  the  deformation  of  dia- 
bases occurring  in  contact  with  granites,  and  showed  the  close  analogy 
existing  between  the  results  of  contact  and  regional  metamorphism* 
as  well  as  the  production  by  metamorphic  agencies  of  a  foliated 
structure  not  connected  in  any  way  with  stratification. 

The  most  important  contribution,  however,  in  regard  to  the  effects 
of  dynamic  metamorphism,  appeared  in  1884,  from  the  pen  of  Prof. 
Johannes  Lehmann,  who  after  several  years  detailed  studies  on  the 
origin  of  crystalline  schists,  based  on  a  very  large  number  of  observa- 
tions made  chiefly  in  Saxony,  but  also  in  Bavaria  and  Bohemia,  pub- 
lished his  celebrated  memoir  on  this  subject.*  The  conclusion  is 
reached  that  *  gneiss '  is  simply  a  structural  form  of  granular  felds- 
pathic  rocks,  and  as  such  is  capable  of  subdivision  according  to  com- 
position into  varieties  corresponding  with  the  types  of  the  ordinary 
massive  plutonics,  while  the  prevailing  parallel  structure  may  be,  but 
very  rarely  is,  original.  ITe  regards  these  foliated  rocks  as  of  igneous 
origin  and  not  in  any  way  related  to  sedimentary  deposits,  the 
characteristic  structure  being  developed  as  a  result  of  'stretching' 
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when  the  rock  was  in  a  solid  state.  It  is  further  concluded  that  such 
rocks  become  more  evenly  and  finely  banded  in  proportion  to  the 
intensity  of  such  '  stretching '  action. 

Daubree  was  also  convinced  that  the  schistose  and  foliated  struc- 
tures frequently  assumed  by  massive  rocks  were  not  connected  with 
original  stratification,  but  secondarily  developed  as  a  result  of  pres- 
sure before  the  rock  had  wholly  solidified.  $Naumann  emphasizes  this 
latter  fact,  while  Reusch,  from  studies  undertaken  in  the  vicinity  of 
Bergen  in  Norway,  also  comes  to  similar  conclusions.  In  England,, 
Teall,  from  his  examination  of  the  metamorphic  area  in  the  vicinity 
of  the  Lizard  in  Cornwall,|[  reaches  results  closely  resembling  those  of 
Lehmann ;  while  in  the  United  States,  in  the  gabbro  area  near  Balti- 
more, Maryland,  as  well  as  in  the  greenstone-schist  area  of  the  Meno- 
minee and  Marquette  regions  in  Michigan,  the  late  Prof.  Geo.  H. 
Williams  has  shown  the  secondary  development  of  a  schistose  struc- 
ture in  originally  massive  plutonic  rocks*  In  Canada,  Lawson,t  from 
his  examination  and  studies  of  the  rocks  of  the  Lake  of  the  Woods 
and  Rainy  Lake  districts,  was  the  first  to  draw  attention  to  the  fact 
that  the  various  foliated  crystalline  rocks  usually  classified  as  Lauren* 
tian  were  largely  plutonic  rocks,  which  have  crystallized  slowly, 
probably  under  an  extremely  gradual  diminution  of  temperature,  from 
a  thickly  viscid,  coherent  or  tough  hydrothermal  magma.  The  folia- 
tion was  explained  as  a  result  of  '  differential  pressure  which  by  caus- 
ing a  yielding  or  deformation  induced  a  flow  in  the  mass.' 

Previous,  however,  to  the  appearance  of  these  results,  the  meta- 
roorphism  of  sedimentary  rocks  occurring  '  as  deeply  buried  and 
sunken  strata '  had  been  so  clearly  described  and  so  strongly  advo- 
cated by  Lyell  and  others  that  their  views  gained  an  almost  im- 
mediate and  world-wide  credence  and  adoption.  It  is,  therefore,  not 
surprising  that,  in  the  desire  to  trace  back  as  far  as  possible  the 
sequence  of  geological  events  as  revealed  by  the  accumulation  of 
stratified  deposits,  there  should  have  been  included  at  the  base  a 
complex  of  crystalline  rocks  attesting  the  presence  not  of  conditions 
favourable  to  sedimentation  but  revealing  the  early  unstability  of  the 
necessarily  thin  and  weak  crust,  as  a  consequence  of  which  it  was 
probably  peculiarly  subject  to  upwellings  of  the  molten  mass  beneath. 
The  ultimate  result  being  a  series  of  immense  batholithic  intrusions, 
composed  for  the  most  part  of  foliated  plutonic  rocks  which  sub- 
sequent upheaval  and  denudation  have  revealed  at  the  present  surface 
of  the  earth.   The  outward  resemblance  of  these  foliated  or  gneissic 


t  Etudes  syntbetlques  de  geologic  Experimented,  p.  432.  Paris,  1879. 
tAnnual  Report  Oeol.  Surv.  Can.,  vol.  I..  (S3.).  Part  CC..  1886. 
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rocks  to  certain  undoubted  clastic  rocks,  present  in  later  geological 
formations,  which  were  known  to  have  undergone  extensive  deforma- 
tion and  alteration,  as  well  as  their  interfoliation  with  truly  bedded 
rocks  seemed  abundant  reasons  for  their  classification  as  one  unin- 
terrupted series  represented  by  this  immense  accumulation  of  strati- 
fied material.  Their  intimate  association  with  crystalline  limestones, 
which  were  believed  to  have  originated  in  much  the  same  manner  as 
later  calcareous  strata,  was  also  cited  as  additional  evidence  of  their 
deposition  as  ordinary  aqueous  sediments.  Subsequent  work  in  the 
county  of  Argenteuil,  rendered  almost  classic  by  the  detailed  labours 
of  Sir  William  Logan,  as  well  as  in  other  extensive  areas  of  Archaean 
rocks  in  Oanada,  have  since  shown  the  fallacy  of  many  of  the  con- 
clusions then  reached,  and  both  Adams  and  Ells  are  firmly  convinced 
that  the  undoubtedly  clastic  rocks  present  in  the  area  usually  con- 
sidered as  '  typical '  of  the  Laurentian,  form  but  a  small  proportion 
of  the  rocky  complex,  while  they  are  associated  with  and  enclosed 
by  much  greater  volumes  of  gneissic  rocks  closely  allied  in  petro- 
graphical  characters  to  granite,  diorite  and  gabbro. 

In  the  early  years  of  the  Canadian  Geological  Survey  the  advance 
of  accurate  and  detailed  information  regarding  these  rocks  was 
greatly  retarded  for  several  very  obvious  reasons.  In  the  first  place, 
by  far  the  larger  portion  of  the  country  characterised  by  the  presence 
of  such  rocks  was  a  vast  almost  uninhabited  wilderness  of  forest. 
The  only  access  to  such  regions  was  by  means  of  canoes,  through 
obstructed  and  often  little  known  routes  of  travel.  These  conditions 
have  in  a  great  many  instances  been  improved  of  late  years  by  the 
gradual  settlement  of  the  country  and  the  necessary  construction  of 
roads.  In  the  second  place  great  difficulty  was  for  a  long  time 
experienced  in  obtaining  trained  and  reliable  observers  competent  to 
deal  with  the  many  difficult  and  complex  problems  presented.  Sir 
William  Logan,  when  carrying  on  his  work  in  this  connexion,  was 
often  forced  to  depend  for  information  covering  many  essential 
details  on  observations  by  men  scarcely  possessed  of  the  requisite 
qualifications. 

Thirdly,  the  extreme  metamorphism  and  deformation  to  which  all 
such  rocks  had  presumably  been  subjected  on  account  of  their  very 
great  antiquity,  and  the  absence  of  any  known  mothods  by  which 
their  original  minute  structures  and  mineralogical  composition  could 
be  deciphered,  presented  seemingly  insuperable  barriers  to  the  com- 
plete and  satisfactory  explanation  of  their  origin.  In  the  fourth 
place  the  very  natural  assumption  that  such  rocks  represented  ex- 
tremely metamorphosed  sediments,  and  the  consequent  application  of 
the  ordinary  methods  of  geological  research  made  use  of  in  the  much 
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later  and  typical  stratified  deposits,  served  only  to  aggravate  the 
difficulties  already  existing. 

The  adoption  of  the  microscope  for  petrographical  research  removed 
the  main  difficulties  attending  a  satisfactory  study  of  these  rocks, 
marking  an  era  in  geology,  since  which  time  the  progress  in  exact 
knowledge  has  been  rapid.  In  fact  the  accumulation  of  reliable  in- 
formation connected  with  this  long-debated  subject  has  already 
assumed  such  large  proportions  that  many  geologists  look  hopefully 
forward  to  the  time  when  we  shall  probably  possess  an  even  more  com- 
plete knowledge  of  these  rocks  and  their  manner  of  formation  than 
we  now  do  of  many  more  recent  rocks. 

In  1844,  when  Logan  decided  to  make  an  examination  of  the  region 
bordering  the  Ottawa  river,  he  found  a  mass  of  foliated  crystalline 
rocks  that  seemed  to  him  capable  of  subdivision  into  two  conform- 
able series,  although  in  this,  as  well  as  many  succeeding  reports,  he 
included  them  under  the  one  group,  which  he  subsequently  called 
Lower  Laurentian.  The  lower  or  older  series  consisted  exclusively 
of  '  syenitic  gneiss  showing  no  end  to  the  diversity  of  arrangement 
in  which  the  minerals  and  the  colours  will  be  observed,  but  there  is  a 
never  failing  constancy  in  respect  to  their  parallelism.  But  this 
though  never  absent  is  sometimes  obscure.'  These  rocks  were  sup- 
posed by  Logan  to  occur  in  the  form  of  a  low  anticlinal  arch  in  the 
region  extending  from  the  Mattawa  river  to  the  vicinity  of  the  com- 
bined mouths  of  the  Montreal  and  Matabitchouan  on  Lake  Timiskam- 
ing.  The  upper  series  is  stated  to  crop  out  in  the  district  to  the 
south  of  the  Mattawa  and  Ottawa  rivers  and  to  be  characterized  '  by 
the  presence  of  important  bands  of  limestone  which  have  undergone 
extensive  crystallization  as  a  result  of  extreme  metamorphism,'  while 
the  various  gneissic  rocks  which  separate  the  several  bands  of  lime- 
stone '  differ  in  no  way  either  in  constituent  quality  or  diversity  of 
arrangement  from  the  gneiss  down.' 

Subsequently,  this  lower  gneiss  was  called  the  '  Ottawa  Series/ 
while  the  upper  group,  differentiated  solely  in  the  first  place  on; 
account  of  the  presence  of  the  limestones,  was  included  under  the 
name  Middle  Laurentian  or  Grenville  Series.  The  name  Upper 
Laurentian  was  given  to  a  terrane  formed  chiefly  of  anorthosites 
which  were  afterwards  shown  to  be  of  irruptive  origin,  and  with  which 
were  classified  by  mistake  certain  gneissic  and  limestone  bands, 
identical  in  character  with  those  included  as  the  Grenville  Series 
and  to  which  they  clearly  belong. 

In  the  district,  therefore,  covered  by  the  Nipiesing  and  Timiskaming 
sheets,  the  rocks  to  be  described  would,  under  the  old  classification, 
have  been  included  as  Lower  Laurentian,  •although  in  the  area  to  the 
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south  of  the  Mattawa  river  precisely  similar  gneissic  rocks,  because 
of  their  inclusion  of  small  isolated  patches  of  crystalline  limestone, 
have  usually  been  described  as  of  Grenville  or  Middle  Laurentian  age. 
These  patches  of  crystalline  limestone  are  only  very  occasionally 
present,  and  are  evidently  caught  up  by  and  embedded  in  much 
greater  volumes  of  gneissic  or  foliated  rocks  here  of  truly  igneous 
origin,  in  such  a  way  as  to  point  to  the  conclusion  that  in  these 
limestones  we  may  have  small  remaining  portions  of  a  sedimentary 
series,  which,  although  highly  altered,  have  not  been  wholly  absorbed 
by  the  surrounding  foliated  material. 

The  term  Laurentian,  as  applied  in  connexion  with  the  map-sheets 
here  under  description,  therefore  includes  only  such  granite  and 
diorite  gneisses  as  are  usually  characteristic  of  this  ancient  complex. 

The  gneissic  rocks  exposed  throughout  this  district  fall  naturally 
into  two  great  groups. 

I.  An  acidic  group: — consisting  of  those  foliated  rocks,  similar  in 
composition  to  granites,  &c,  to  which  they  correspond,  their 
differentiation  being  determined  solely  by  their  foliated  texture, 
which,  usually  pronounced,  is  sometimes  obscure  and  occasionally 
altogether  absent. 

II.  A  basic  group: — These  rocks  occur  interbanded  with  the  more 
acidic  gneisses,  and  represent  either  basic  segregated  portions  of 
the  granite  magma  or  foliated  basic  irruptives  allied  to  diorites, 
diabases,  &c,  caught  up  in  it. 

The  results  obtained  from  the  detailed  petrographical  examination 
of  the  large  number  of  thin  sections  prepared  from  typical  specimens, 
specially  selected  as  representing  all  the  observed  varieties  occurring 
in  the  region,  coupled  with  extended  observations  concerning  their 
field  relations,  has  furnished  the  most  convincing  proof  that  the  vast 
majority  of  such  rocks  may  be  referred  to  some  type  of  irruptive  mate- 
rial. On  the  other  hand  those  gneisses  whose  origin  may  be  in  doubt 
and  which  are  in  some  cases  held  to  be  sedimentary  constitute  an  ex- 
ceedingly small  proportion  of  the  whole  series.  In  fact,  the  results 
obtained  from  the  examination  and  study  are  very  closely  analogous 
to  the  conclusions  arrived  at  by  Sir  Archibald  Geikie  regarding 
similar  old  rocks  exposed  in  the  British  isles,  who  says :  '  These  rocks 
are  in  the  main  various  forms  of  eruptive  material  ranging  from 
highly  acidic  to  highly  basic;  they  form  in  general  a  complex  mass 
belonging  to  successive  periods  of  extrusion;  some  of  their  coarse 
structures  are  probably  due  to  a  process  of  segregation  in  still  fluid 
or  mobile,  probably  molten,  material  consolidating  below  the  surface ; 
their  granulated  and  schistose  character  and  their  folded  and  crumpled 
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structures  point  to  subsequent  intense  crushing  and  deformation; 
their  apparent  alteration  with  limestone  and  other  rocks  which  are 
probably  of  sedimentary  origin  is  deceptive,  indicating  no  real  con- 
tinuity of  formation,  but  pointing  to  the  intrusive  character  of  the 
gneiss/ 

The  chief  facts  which  together  seem  to  prove  the  originally  igneous 
character  of  the  rocks  above  referred  to  may  be  stated  as  follows : — 

1.  Composition  of  the  gneissic  rocks. — The  microscope  reveals  at 
once  the  identity  of  these  in  mineralogical  composition  with  the  dif- 
ferent known  varieties  of  granite  and  diorite,  the  constituents  present, 
in  many  cases,  showing  little  or  no  alteration,  except  that  produced 
by  local  weathering,  or  as  a  result  of  somewhat  limited  dynamic 
metam  o  rphism. 

In  order  to  ascertain  whether  the  chemical  composition  of  these 
gneissic  rocks  would  bear  out  the  conclusions  derived  from  their 
study  in  the  field  and  under  the  microscope,  six  analyses  were  made 
in  the  Laboratory  of  the  Survey  by  Mr.  F.  G.  Wait  The  following 
are  the  results:—* 
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I.  Granitite-gneiss  from  west  shore  of  Taggart  bay,  Kipawa  lake — 
in  previous  reports  usually  referred  to  as  red  orthoclase  gneiss,  grani- 
toid gneiss  or  gneissoid  syenite.  The  rock  is  of  a  deep  flesh-red  colour, 
massive  and  granitic  in  appearance,  the  foliation  being  imparted  by 
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the  parallel  disposition  of  the  coloured  constituents.  It  is  highly 
feldspathic  and  only  very  occasional  thin  hands  of  basic  material  occur 
which  are  at  all  continuous.  It  contains  much  microcline,  orthoclase, 
plagioclnsc  and  quartz,  with  much  smaller  quantities  of  biotite  and 
epidote.  Sphene,  sericite,  chlorite,  apatite,  allanite  and  zircon  are 
present  as  accidental  or  secondary  minerals.  The  rock  has  evidently 
been  subjected  to  considerable  pressure.  The  feldspar  and  quartz 
have  often  undergone  advanced  granulation,  while  the  surviving  large 
individuals  exhibit  marked  undulous  extinction.  Microcline,  as  might 
be  expected,  is  abundant,  as  also  areas  of  granophyre. 

n.  Oranitite-gneiss  from  south  shore  of  McLaren  bay,  Kipawa 
lake.  This  was  selected  as  representing  the  light  reddish-grey  granitic 
gneisses  so  common  in  the  district.  The  hand  specimen  shows  a  light- 
grey,  rather  fine-grained  micaceous  granitic  rock,  tinged  with  red 
oxide  of  iron,  and  showing  only  indistinct  foliation;  composed  0/ 
orthoclase,  microcline,  plagioclase,  quartz  and  biotite  with  a  little 
apatite,  zircon,  sphene,  magnetite  and  occasional  minute  individuals 
of  secondary  muscovite  and  epidote.  The  biotite  shows  a  slight  altera- 
tion to  chlorite  in  some  instances  and  occurs  for  the  most  part  in 
small  isolated  plates,  possessing  a  rude  parallelism  and  rarely  aggre- 
gated together.   It  shows  only  slight  evidence  of  pressure. 

m.  Granitite-gneiss  from  west  shore  Lake  Timiskaming  at  north 
end  of  Opimika  narrows.  A  good  average  sample  of  the  ordinary 
so-called  grey-gneiss.  Macroscopically  this  is  a  very  distinctly 
foliated  rock,  the  foliation  being  produced  by  alternating  bands  of 
light  and  dark-grey  colours.  The  darker  bands  are  composed  almost 
wholly  of  the  coloured  constituents  while  the  light-grey  portions  are 
made  up  chiefly  of  quartz  and  feldspar.  The  thin  section  shows 
quartz,  orthoclase,  plagioclase,  biotite  and  epidote  as  the  principal  con- 
stituents.   Epidote  and  titanite  are  common  inclusions  in  the  mica. 

TV.  Granite-gneiss  from  the  northwest  shore  of  Leonard  inlet, 
Wicksteed  lake.  The  hand  specimen  shows  a  rather  coarse-grained, 
greyish,  indistinctly  foliated  rock,  much  stained  with  yellowish- 
brown  iron  oxide  and  showing  large  phenocrysts  of  white  orthoclase. 
The  chief  minerals  present  are  orthoclase,  microcline,  plagioclase, 
quartz,  biotite  and  muscovite.  Apatite,  zircon,  epidote,  zoisite,  al- 
lanite t  and  pyrite  were  also  noted  in  very  small  quantities.  The  rock 
has  evidently  been  subjected  to  considerable  dynamic  action.  The 
muscovite  is  primary,  intergrown  with  perfectly  fresh  reddish-brown 
biotite. 

V.  Cyanite-gTanite-gneiss  from  the  east  shore  of  the  Ottawa  river, 
half  a  mile  north  of  Snake  creek.  The  hand  specimen  shows  a  coarse- 
grained granitic  rock  with  a  distinctly  banded  structure  caused  by 
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layers  rich  in  biotite,  alternating  with  layers  of  quartz  and  feldspar 
comparatively  free  from  that  mineral.  The  distinctive  feature  of  the 
rock  is  the  abundance  in  portions  of  it  of  a  light  to  deep-blue  cyanite 
in  large  columnar  individuals,  some  of  which  are  half  an  inch  across 
and  an  inch  in  length;  garnets  of  a  deep  pink  colour  are  also  plenti- 
ful, and  some  individuals  are  as  much  as  half  an  inch  in  diameter. 
Under  the  microscope  the  rock  is  seen  to  be  composed  of  orthoclase, 
plagioclase,  quartz,  biotite,  cyanite  and  garnet  with  smaller  quantities 
of  muscovite,  graphite,  titanite,  zircon,  apatite,  pyrite,  pyrrhotite  and 
epidote.  The  rock  is  typically  noncrystalline  and  granitic  and  shows 
no  extreme  evidence  of  granulation. 

VI.  Quartz-mica-diorite-gneiss  from  Ottertail  creek,  lower  end  of 
the  second  portage  above  the  junction  with  the  north  branch.  In  the 
band  specimen  this  is  a  dark-grey,  almost  black,  glistening,  evenly 
foliated  rock  stained  in  places  with  iron  oxide.  It  is  composed  of 
plagioclase,  orthoclase,  quartz,  hornblende  and  biotite,  with  sphene, 
apatite,  zircon,  pyrite,  magnetite  and  limonite  as  accessory  minerals. 
The  hornblende  is  much  more  abundant  than  the  biotite.  The  evi- 
dence of  pressure  is  very  limited.  The  rock  constitutes  the  dark  basic 
bands  so  characteristic  of  exposures  of  the  grey  gneiss. 

Time  would  not  permit  of  the  separate  analysis  of  each  rock-type 
included  in  the  accompanying  table,  and  therefore  no  attempt  can  be 
made  to  institute  comparisons  in  detail  with  the  published  analyses  of 
granites  and  diorites.  Sufficient  has  been  done,  however,  to  show 
somewhat  clearly  that  in  general  these  foliated  rocks  bear  a  close 
analogy  in  chemical  composition  to  their  massive  equivalents,  while  on 
the  other  hand  they  are  quite  different  in  this  respect  from  any  rock 
resulting  from  ordinary  processes  of  sedimentation.  As  Dr.  Adams 
remarks  *  the  points  of  distinction  and  those  which  mark  them  as  of 
igneous  origin  are,  high  silica,  combined  with  low  alumina  and  high 
percentage  of  alkalies.  The  lime  also,  as  is  usually  the  case  in 
granites,  is  in  excess  of  the  magnesia.  It  would  seem,  however,  that 
the  granite-gneisses,  as  a  rule,  are  more  basic  than  their  massive 
equivalents,  although  presenting  an  equally  wide  range  in  their  silica 
contents.  The  decrease  in  silica  is  accompanied  by  an  increase  in  the 
alumina,  while  soda  tends  to  exceed  potash  in  the  more  basic  varieties, 
thus  marking  a  passage  to  the  gabbros  and  diorites.  The  high  per- 
centage of  alumina  with  low  alkalies  noticed  in  No.  V.  is  due  to  the 
presence  of  cyanite,  but  otherwise  the  composition  is  essentially 
similar  in  every  other  respect  to  the  ordinary  granitites  of  this  and 
other  Archaean  districts.  There  is,  as  is  usual  in  granites,  the  pre- 
ponderance of  lime  over  magnesia,  which  though  slight  in  this  case 
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is  nevertheless  in  marked  contrast  to  the  sillimanite  gneisses  des- 
cribed by  Adams*  where  the  magnesia  is  often  nearly  three  times  as 
abundant  as  the  lime. 

The  quartz-mica-diorite  (VI.)  is  analogous  in  chemical  composition 
to  the  most  basic  phases  of  the  gabbros  and  diorites.  The  hornblende 
and  biotite  are  much  more  abundant  than  the  feldspathic  constituents, 
while  quartz  is  only  very  sparingly  represented. 

2.  Microscopical  structure. — The  various  thin  sections  examined 
show  unmistakeably  the  holocrystalline  structure  so  characteristic  of 
granite,  diorite  and  gabbro,  the  feldspar  and  quartz  individuals  form- 
ing comparatively  large  areas  of  interlocking  grains,  especially  in  the 
more  acidic  portions  or  bands  in  the  rock,  with  which  are  associated 
the  hypidiomorphically  bisilicate  constituents.  There  is  no  sug- 
gestion whatever  in  the  great  majority  of  such  rocks  of  the  scond- 
ary  enlargement  which  in  certain  arkoses  and  quartzites  produces  a 
somewhat  similar  interlocking  arrangement,  as  the  rocks  have,  in 
many  instances,  been  subjected  to  but  limited  metamorphic  action. 
The  foliation,  which  is  the  differentiating  characteristic  of  these 
rocks,  is  often  so  coarse  that  it  is  only  apparent  in  large  specimens  or 
somewhat  extended  exposures  of  the  rock.  This  parallelism  is,  there- 
fore, often  indistinguishable  with  the  microscope,  so  that  in  the  thin 
sections  the  resemblance  is  complete  between  foliated  and  non-foliated 
varieties  of  such  essentially  similar  mineral  aggregates. 

At  the  present  day  fused  magmas  are  regarded  as  more  or  less 
complex  solutions,  which,  by  reason  of  their  high  temperatures,  obey 
the  same  laws  in  the  order  and  method  of  their  solidification  as  those 
which  govern  the  crystallization  of  ordinary  solutions  of  a  similar 
heterogeneous  composition.  Thus,  in  the  numerous  thin  sections 
examined,  a  certain  general  and  definite  order  is  observable  in  the 
generation  or  crystallization  of  the  various  component  minerals,  that 
has  been  rather  closely  adhered  to  in  the  progress  of  consolidation. 
In  this  manner  zircon,  sphene,  apatite  and  primary  epidote,  which  are 
the  first  to  form  in  the  slowly  cooling  mass,  are  almost  invariably 
present  in  sharply  outlined  and  well  developed  crystals,  evidencing 
considerable  freedom  from  restraint  during  the  progress  of  their 
formation.  The  various  iron  ores  which  may  happen  to  be  present 
are  of  earlier  generation  than  the  coloured  or  bisilicate  individual^ 
which  latter  are  usually  present  with  hypidiomorphic  outline,  although 
occasional  individuals  often  show  sharp  and  well  defined  crystallo- 
graphic  boundaries.  The  customary  grouping  together  in  masses 
or  nests  of  such  basic  material  produces  a  mutual  interference  of 

•  Annual  Report,  Geol.  Surv.  Can.,  vol.  VIII.  (N.S.),  Part  J.  p.  44. 
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the  constituent  individuals  which  militates  greatly  against  perfection 
of  crystal  boundaries.  The  various  apatites,  sphenes,  &c,  which  are 
the  first  minerals  to  form  in  the  cooling  rock-mass,  usually  occur,  as 
might  be  expected,  either  embedded  in,  or  in  close  conjunction  with 
such  ferro-magnesian  constituents,  although  the  rest  of  the  rock, 
while  much  poorer  relatively  .in  such  minerals,  may  not  be  entirely 
free  from  them.  The  feldspar  and  quartz,  which  are  the  last  to  solidify, 
occur  in  more  or  less  irregular  areas,  usually  elongated  in  the 
direction  of  the  foliation,  or  showing,  especially  in  the  case  of  the 
quartz,  that  the  residual  spaces  existent  in  the  rock-mass  were  already 
of  this  form  and  character. 

3.  Macroscopical  structure. — The  various  dark  and  light-coloured 
bands  of  relatively  greater  or  less  basicity  succeed  one  another  across 
the  strike  or  cut  one  another  off,  thus  suggesting  even  to  a  casual 
observer  a  complicated  intrusion  of  one  portion  through  another, 
although  the  frequent  absence  of  any  distinctly  recognizable  boundary 
between  the  different  folia  shows  clearly  that  such  conditions  obtained 
in  the  mass  long  before  its  final  consolidation.  Although,  especially 
when  arranged  in  approximately  horizontal  position,  the  alternation 
of  such  bands  resembles  somewhat  closely  the  parallelism  produced  by 
the  alternating  sequence  of  stratified  material  of  differing  coarseness 
and  composition,  a  closer  inspection  shows  that  there  is  no  evidence 
whatever  of  the  sorting  and  re-arrangement  by  aqueous  agencies  so 
characteristic  of  all  sedimentary  strata.  The  tendency  to  nuclear 
aggregation  observed  in  the  crystallization  of  the  first-formed  consti- 
tuents seems  to  be  a  usual  and  marked  feature,  not  only  of  slow 
cooling  magmas,  but  of  all  highly  saturated  and  complex  solutions 
when  undergoing  change  to  the  solid  state.  It  is,  therefore,  quite 
evident,  both  from  macroscopic  and  microscopic  examination,  that 
perfection  of  foliation  is  reached  in  these  gneisses  when  during  the 
process  of  cooling  accompanied  by  differential  movements  the  pres- 
sures produce  a  kind  of  flow  in  the  still  mobile  mass,  thus  tending  to 
the  parallel  disposition  of  the  various  bands  or  masses  of  differing 
composition.  The  viscosity  of  the  whole  was  such  as  to  prevent  the 
too  free  transmission  of  the  material  of  contiguous  bands  or  portions, 
thus  furnishing  the  approximately  sharp  lines  of  division  so  fre- 
quently observed. 

4.  Junction  with  overlying  rocks. — The  immediate  contact,  or 
line  of  junction,  with  originally  overlying  clastic  rocks,  reveals  un- 
doubted evidence  of  the  irruptive  character  of  the  gneisses.  Numerous 
and  detailed  observations  have  been  made  of  the  line  of  demarcation 
between  these  Laurentian  gneisses  and  Huronian  slates  and  quartz- 
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ites,  which  latter  are  of  undoubted  clastic  origin.  The  behaviour  of 
the  gneisaic  rocks  under  these  circumstances  is  precisely  similar  in 
every  respect  to  that  which  obtains  in  the  case  of  granite,  intrusive 
through  neighbouring  bedded  strata.  Detailed  descriptions  have 
already  appeared*  regarding  the  various  contact  phenomena  witnessed 
along  the  line  of  junction  between  the  Laurentian  and  Huronian, 
embracing  not  only  this  region,  but  also  the  district  to  the  southwest 
included  within  the  area  of  the  Sudbury  and  French  River  map-sheets 
(Nos.  130  and  125,  Ontario).  The  facts  there  noted,  and  since  borne 
out  by  more  extended  observations,  show  distinctly  that  the  gneisses 
are  intrusive  in  the  Huronian,  and  are,  therefore,  in  their  pre- 
sent form  younger  than  the  elastics  which  they  invade.  Although,  in 
places,  a  seeming  transition  exists  which  might  be  mistaken  for  an 
alternating  sequence  of  stratified  material,  the  relations  thus  observed 
find  their  true  explanation  in  the  presence,  at  these  places,  of  a  zone 
of  varying  thickness  formed  by  a  commingling  of  the  sedimentary 
material  with  the  igneous  rocks,  as  a  result  of  actual  fusion,  or  by 
the  presence  of  a  series  of  more  or  less  parallel  dikes  piercing  these 
elastics. 

The  foliation  presented  by  these  rocks  is  of  two  distinct  kinds, 
although  there  is  almost  every  possible  graduation  between  these  two 
extremes.  It  may  consist  of  the  parallel  arrangement  of  certain  of 
the  constituent  minerals,  usually  the  bisilicates,  but  sometimes  also 
the  porphyritic  feldspars,  or  it  may  be  due  to  an  alteration  of  lighter 
or  darker  bands,  showing  a  varying  chemical  and  mineralogical  com- 
position. Intermediate  phases  of  such  structures  are  produced  by  the 
development,  in  more  or  less  approximately  parallel  position  of  nuclei, 
or  nests,  of  the  fcrro-magnesian  constituents,  whose  gradual  coalesc- 
ence into  ever-lengthening  bands  produces  ultimately  that  perfection 
of  foliation  actually  found. 

The  foliation  just  described  is  the  one  characteristic  of  the  more 
massive  and  granitoid  varieties,  included  under  the  first  or  acidic 
group,  and  is  evidently  the  result  of  the  application  of  pressure  to  a 
magma  of  somewhat  homogeneous  composition.  On  the  other  hand, 
the  second  variety  of  foliation  is  produced  by  alternating  sequences 
of  rocks  belonging  to  both  acidic  and  basic  groups,  and  has  been  im- 
parted to  the  rock-mass  as  a  result  of  differentiation  in  a  slowly  cool- 
ing magma  of  heterogeneous  composition,  aided  by  a  flowing  move- 
ment in  a  more  or  less  constant  direction. 

The  results  obtained  by  the  microscopic  examination  indicate,  in  the 
most  positive  manner,  that  the  banded  structure  so  universally  observ- 

•Amerlcan  Geologlvt.  vol.  VI..  pp.  19-32  (July.  1890).  also  Bull.  Geol.  Soe. 
Am.,  vol.  IV.,  pp.  313-332. 
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able  in  such  rockB  was  imparted  to  the  whole  mass  while  still  in  a 
molten,  or,  at  most,  only  partially  consolidated  condition.  One  of 
the  most  significant  facts  noticed  in  this  connexion  is  that  many  of 
the  most  markedly  foliated  gneisses  show  little  or  no  trace  of  having 
been  subjected  to  any  great  degree  of  deformation;  nor  is  there  any 
reason  whatever  to  suppose  that  the  rocks  so  examined  have  undergone 
such  recrystallization  as  to  mask  the  evidence  of  such  action,  if  any 
previously  occurred.  In  many  instances  it  is  equally  certain  that  sub- 
sequent dynamic  action  has,  after  the  complete  solidification  of  the 
magma,  somewhat  modified  and  accentuated  such  foliation,  but  even 
in  these  cases  there  is  every  reason  to  believe  that  pronounced  paral- 
lelism previously  existed  as  a  primary  structure  of  such  rock-masees 
before  the  application  of  pressure. 

The  somewhat  uniform  direction  in  strike  of  this  banded  structure 
over  the  larger  portion  of  the  area  covered  by  the  accompanying  map- 
sheets,  and  its  marked  correspondence  in  direction  with  the  line  of 
outcrop  of  the  neighbouring  stratified  Huronian  rocks,  seems  to  point 
to  the  conclusion  that  the  resistance  offered  during  the  irruption  of 
these  gneisses  by  such  hard  strata  has  been  the  main  determining 
feature  of  the  direction  of  foliation.  During  the  progress  of  this 
igneous  invasion  the  forces  of  upheaval  acted  along  certain  definite 
lines  or  centres,  thus  producing  irregular  ovoid  forms,  often  of  great 
area,  the  inner  portions  of  which  are  now  occupied  by  comparatively 
flat-lying  gneisses,  or,  in  occasional  instances,  by  more  massive  or 
granitoid  varieties,  surrounded  by  an  outer  border  or  zone  where  the 
foliation  becomes  much  more  pronounced.  In  certain  instances, 
where  the  dome-like  structures  thus  produced  have  been  denuded 
and  are  of  limited  extent,  a  great  diversity  exists  in  both  the  direction 
and  angle  of  dip  of  the  foliation  within  a  comparatively  small  area, 
but  where,  as  is  usual  throughout  this  district,  these  ovoid  areas  are 
of  great  size,  the  direction  of  foliation  shows  a  corresponding  in- 
crease in  uniformity. 

Intimately  associated  with  these  gneisses  and  granites  are  certain 
portions,  often  of  themselves  constituting  considerable  and  there- 
fore important  rock-masses,  which,  on  account  of  certain  peculiarities 
of  composition,  as  well  as  from  their  structural  relations  with  the 
surrounding  rocks,  have  been  commonly  referred  to  as  '  pegmatite,' 
and  which  by  reason  of  their  usually  coarse  crystallization  have  been 
sometimes  called  '  giant  granite.'  Hatty  first  applied  the  name  peg- 
matite to  the  intimate  admixture  of  orthoclase  and  quartz,  also 
known  as  graphic  granite.   Later,  Naumann  extended  its  use  to  in- 
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elude  all  the  coarse  varieties  of  muscovite-granite,  vein-like  in  appear- 
ance and  frequently  containing  tourmaline.  Subsequent  writers,  as 
detailed  investigations  into  its  composition  and  origin  proceeded, 
have  still  further  widened  its  use,  until,  at  the  present  day,  the 
employment  of  the  term  in  connexion  with  that  of  the  parent  plu- 
tonic  mass  with  which  it  is  associated  is  necessary  before  any  definite 
idea  can  be  formed  of  its  precise  mineralogical  composition.  In 
petrography  the  terms  micro-  and  macro-pegmatite  have  always  been 
used  in  a  structural  sense  only  to  denote  those  intergrowths  of  quartz 
and  feldspar,  or  of  two  differing  species  of  feldspar  which  are  some- 
times characteristic  of  occurrences  in  rocks  of  these  minerals.  Thus 
the  various  plutonic  masses  of  syenite,  diorite,  gabbro  and  diabase  may 
each  have  their  individual  pegmatitic  equivalents,  representing  the 
final  product  of  their  solidification,  although  the  abundance  of  such 
aggregates  in  connexion  with  these  rocks  is  much  less  than  in  the 
case  of  granites.  This  comparative  infrequency  is  perhaps  most 
adequately  explained  by  the  relatively  much  greater  basicity  of  uch 
rocks,  their  more  rapid  rate  of  cooling,  as  well  as  the  comparative 
scarcity,  throughout  the  greater  portion  of  the  mass,  of  any  such 
abundant  and  intimate  association  of  fused  rock  and  heated  water  as 
would  tend  to  their  formation;  for,  while  it  has  been  clearly  shown 
by  M.  Fouqu6  and  Michel-Levy,  that  diabase  and  similar  basic  rocks 
may  be  artificially  reproduced  in  the  laboratory  from  a  state  of  simple 
dry  fusion,  it  is  extremely  doubtful  whether  any  extensive  intrusive 
process  produced  by  natural  causes  is  ever  unaccompanied  by  a 
greater  or  less  abundance  of  superheated  water  as  an  integral  portion 
of  the  fused  mass. 

In  the  region  under  description  the  granite  pegmatites  are,  as 
usual,  by  far  the  most  abundant,  but  there  are  occasional  dikes  in 
which  the  occurrence  of  oligoclase  and  hornblende  as  the  main  con- 
stituents would  determine  their  classification  with  the  diorites. 

In  composition  these  pegmatite  masses  consist  essentially  of  quartz 
and  the  more  acid  feldspars,  chiefly  orthoclase,  oligoclase,  albite  and 
microcline,  while  muscovite  is  the  prevalent  ferro-magnesian  con- 
stituent, when  any  is  present,  and  hornblende  and  biotite  are  much 
less  characteristic.  The  parallel  intergrowth  of  orthoclase  and  albite, 
to  which  the  name  perthite  has  been  applied,  is  an  abundant  and 
sometimes  prevailing  feldspathic  constituent  of  the  pegmatite  dikes, 
esi>eeially  in  the  vicinity  of  Mattawa.  The  composition  is,  therefore, 
somewhat  variable,  but  these  dikes  or  vein-like  masses  are  essentially 
similar,  though  somewhat  more  acid  than  the  normal  plutonic  rock  of 
which  they  represent  the  most  highly  differentiated  or  final  product 
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of  consolidation.  Thus,  in  those  areas  where  the  gneissic  rocks  con- 
tain a  superabundance  of  basic  material,  with  plagioclase  as  the  pre- 
dominating feldspathic  constituent,  the  associated  pegmatite  usually 
shows  a  corresponding  increase  in  relative  basicity,  oligoclase  seem- 
ingly being  the  most  abundant  feldspar.  In  areas  of  hornblende- 
granite  the  associated  pegmatites  contain  hornblende  as  the  coloured 
constituent.  The  preponderance  of  the  granitite  gneisses,  or  biotite- 
pranitc -gneisses  in  this  region,  is  represented  also  by  a  far  greater 
relative  abundance  of  the  pegmatitic  phases  of  such  rocks,  while  the 
far  greater  prevalence  of  muscovite,  which  usually  occurs  altogether 
replacing  the  biotite  of  the  normal  parent  plutonic,  evidences  the 
presence  of  the  greater  abundance  of  heated  water  tending  to  the 
more  or  less  complete  elimination  of  the  iron  present  in  this  bisilicate 
and  the  consequent  conversion  of  the  mineral  into  muscovite. 

The  pegmatites  have  not  yet  been  examined  sufficiently  in  detail 
to  call  for  any  lengthy  mention  of  their  accessory  or  accidental 
minerals.  In  other  districts  these  masses  are  especially  noted  as 
favouring  the  development  of  many  of  the  more  unusual  and  rare 
minerals.  In  a  pegmatite  dike  cutting  gneissic  rocks  about  a  mile 
northwest  of  Eau  Claire  station  opaque  crystals  of  beryl  occur. 
The  crystals  secured  are  usually  of  a  pale  yellowish,  but  sometimes  of  a 
bluish,  colour  and  some  of  them  would  exceed  five  pounds  in  weight. 
An  examination  by  Mr.  R.  A.  A.  Johnston*  of  some  specimens  collected 
from  the  same  locality  by  Mr.  W.  C.  Willimott  showed  likewise  the 
presence  of  the  comparatively  rare  minerals,  xenotime  and  polycrase. 
Cyanite,  although  an  abundant  constituent  of  the  granitite-gneisses 
in  the  vicinity  of  Les  Erables  rapids  and  the  mouth  of  Snake  creek 
on  the  Ottawa,  exhibits  its  most  perfect  crystallographic  development 
in  the  coarser  and  more  acid  bands  which  are  evidently  of  pegmatitic 
origin.  Fluorite  is  also  an  abundant  and  frequent  constituent  in 
the  pegmatites  cutting  the  gneisses  near  the  Ottawa  in  the  township 
of  Cameron,  about  five  miles  east  of  Mattawa.  In  the  necessarily 
more  or  less  hurried  examination  of  the  large  number  of  these  peg- 
matite masses  there  was  found,  however,  a  conspicuous  monotony  in 
composition. 

The  intrusive  character  of  pegmatite  is  now  so  generally  recog- 
nized that  the  various  theories,  formerly  extant,  regarding  it  as  in 
some  manner  due  to  aqueous  infiltration  and  deposition,  may  be  con- 
sidered as  disproved,  while  the  view  that  pegmatite  constitutes  the 
most  acid  phase  or  final  differentiation  product  attending  the  pro- 
gressive crystallisation  of  certain  intrusive  plutonic  rocks  has  been 

*  Annual  Report,  Qeol.  Burr.  Can.,  vol  IX,  (N.8.),  p.  13  R  ;  alao  Am.  Jour. 
8c,  March.  1899,  p.  243  ;  also  Summary  Report  Oeol.  Surv.  Can.,  1898,  p.  167. 
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very  clearly  and  ably  set  forth  by  Lehmann  *  Broggerf,  Williams}: 
and  others,  and  all  have  given  expression  to  the  opinion  that  water 
played  a  most  important  role  in  their  formation.  Probably  the  most 
satisfactory  explanation  which  has  yet  appeared  is  that  lately  issued 
as  the  joint  production  of  Messrs.  W.  O.  Crosby  and  M.  L.  Fuller  of 
Boston. §  These  authors  recognize  "that  the  most  satisfactory  ex- 
planation of  this  blending  of  the  pegmatite  with  quartz  veins  on  the 
one  hand,  as  with  the  normal  granite  on  the  other,  is  to  be  found  in 
a  corresponding  blending  of  aqueo-igneous  fusion  with  igneo-aqueous 
solution;  and  this  dynamic  gradation,  it  appears  to  us,  can  only  re- 
sult from  the  gradual  hydration  of  the  residual  magma  during  the 
slow  centripetal  solidification  of  a  body  of  magma  and  a  consequent 
elimination  of  water." 

In  this  paper  the  authors  further  state  that  pegmatite  should  be 
regarded,  *  not  as  a  distinct  species  or  family  of  rocks,  but  rather  as  a 
possible  textural  phase  of  all,  or  nearly  all,  the  plutonic  rocks;  and 
we  may,  in  general,  say  of  any  plutonic  rock  that  it  may  be  crypto- 
crystalline,  micro-crystalline,  macro-crystalline  or  pegmatite 

The  consensus,  therefore,  of  recent  opinion,  seems  to  favour  an 
intrusive  origin  for  pegmatite,  the  progressive  increase  in  hydration 
of  the  residual  magma  being  explanatory  by  a  corresponding  increase 
in  acidity  of  its  later  crystallization. 

The  stages  represented  completely  by  the  occurrences  in  this  re- 
gion show  a  perfect  and  practically  uninterrupted  continuity  during 
the  consolidation  of  these  rocks,  from  an  original  condition  of  hydro- 
igneous  fusion  characteristic  of  the  magma  from  which  the  compara- 
tively fine  and  even-grained  parent  plutonic  is  generally  believed  to 
have  resulted,  to  conditions  of  aqueous  solution  which  must  have 
obtained  in  the  viscous  mass  from  which  the  latest  quartzose  segrega- 
tions have  solidified.  Such  views  are  in  harmony  with  the  known 
occurrences  of  most  of  the  quartzose  masses  and  veins  so  frequently 
present  in  these  Archsean  rocks,  and  which  have  evidently  originated 
by  a  process  closely  allied  to  that  described  above,  in  consequence  of 
the  deposition  from  supersaturated  solutions  of  highly  siliceous  ma- 
terial, and  are  substantially  contemporaneous  with  the  parent  plu- 
tonic mass  with  which  they  are  so  intimately  associated. 

The  age  relations  of  the  component  minerals  are  practically  the 

•tJeber  die  Bnteehung  der  aUfcryeUllinlechen  Schlefergesteine  Augit  und 
et  seq. 

tDis  litoeralien  der  Syenltpeginatftgange  der  sUdnorwegischen  Augit  und 
Xephellnsyenlt  I,  Thell  pp.  216-225.  Translated  by  N.  N.  Evans,  Can.  Rec. 
Sc.,  vol.  VI..  Nob.  2  and  8,  pp.  88-46  and  61-71. 

origin  of  the  Maryland  Pegmatites.  XVtb  Ann.  Rep.  U.8.  Oeol.  Survey,  pp. 
676-686. 

{Technology  Quarterly,  vol.  IX..  No.  4.  December,  1896,  pp.  326-366. 
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same  as  that  in  the  more  usual  types  of  plutonic  rocks.  Thus  biotite, 
muscovite,  and  the  more  basic  feldspars  crystallized  out  in  regular 
succession  in  the  order  mentioned,  showing  a  gradual  decrease  in 
perfection  of  idiomorphic  development.  The  more  acid  feldspars,  and 
finally  the  quartz,  follow,  the  latter  especially  showing  little  or  no 
evidence  of  crystal  boundaries  occupying  the  interspaces  left  by  the 
earlier  development  of  the  more  basic  constituents.  When  drusy 
cavities  exist  in  these  pegmatites,  as  well  as  in  the  quartzose  and 
more  vein-like  occurrences,  the  silica  sometimes  exhibits  a  decided 
tendency  towards  crystalline  development.  The  presence  of  such 
unfilled  spaces,  especially  in  the  immediate  vicinity  of  such  perfect 
crystal  *orms,  seems  to  furnish  evidence  of  the  insufficiency  of  the 
siliceous  material  in  solution  to  fill  the  spaces,  permitting  a  more  or 
less  unrestricted  development  of  the  remaining  quartz.  They  like- 
wise point,  not  only  to  the  extreme  acidity  of  the  last  remaining  por- 
tion of  the  partially  solidified  nagma,  but  also  to  its  approximately 
homogeneous  composition. 

The  exact  depth  below  the  earth's  surface  necessary  for  the  form- 
ation of  these  pegmatites  and  their  parent  masses  of  normal  plutonic 
rocks,  as  well  as  the  amount  of  pressure  during  the  progress  of  their 
crystallization,  is  a  mere  matter  of  speculation.  Of  recent  years  a 
perfect  gradation  has  been  traced  from  the  typical  holocrystalline 
structure  characteristic  of  granite,  crabbro  and  other  plutonic  rocks, 
in  a  vertical  distance  of  a  few  hundred  fee*  upward,  into  a  porphy- 
ritic  phase  at  the  surface;  while  the  pressure  required,  as  pointed 
out  by  Brogger,  would  be  obtained  by  the  presence  of  superimposed 
material,  great  enough  to  prevent  the  water  separated  out  by  the 
progressive  crystallization  from  escaping  freely  to  the  surface. 

The  most  distinctive  feature  concerning  the  development  of  these 
masses  is  their  extremely  coarse  crystalline  texture,  which  is  in  very 
striking  contrast  to  the  normal  or  usual  crystallization  of  the  parent 
plutonic  rock  with  which  they  are  associated.  The  resemblance  in 
many  of  the  quartzose  varieties  to  quartz  veins,  originally  regarded  as 
due  solely  to  lateral  secretion  and  aqueous  deposition,  is  so  very  mark- 
ed that  it  is  difficult  to  see  how  any  hard  and  fast  line  can  be  drawn 
between  these  separate  occurrences.  Usually  in  these  cases  there  is 
a  somewhat  indistinct  zone-like  arrangement  of  the  material,  the 
masses  presenting  a  finer  grained  feldspathic  portion  in  the  vicinity  of 
the  walls,  and  showing  a  continuous  transition  towards  the  interior, 
which  is  often  occupied  by  comparatively  large  allotriomorphic 
masses  of  almost  pure  quartz.  Usually  there  is  a  perfect  grada- 
tion into  the  parent  plutonic  when  this  is  the  enclosing  rock- 
mass,  while  an  undoubted  passage  can  very  frequently  be  traced 
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into  areas  of  pure  quartz,  and  occasionally  into  rather  typical  or 
ordinary  quartz  veins. 

In  the  region  embraced  by  this  report  there  are  two  somewhat  dis- 
tinct phases  of  such  rocks.  The  most  frequent  and  abundant  is  per- 
haps represented  by  the  acidic  facies  of  the  gneisses  constituting  the 
coarser  and  more  feldspathic  and  quartzose  bands.  These  present  all 
the  distinguishing  characteristics  of  pegmatite,  although  occurring 
in  perfect  conformity  with  the  prevailing  foliation.  In  composition 
they  show  the  usual  great  preponderance  of  feldspar  and  quartz,  with 
only  very  occasional  flakes  of  biotite,  wnich  in  many  cases  has  under- 
gone notable  bleaching  owing  to  the  elimination  of  a  considerable 
proportion  of  the  iron  originally  present.  Such  biotite  is  much  paler 
in  colour,  with  less  marked  pleochroism,  and  shows  the  brilliant  chro- 
matic polarization  colours,  though  perhaps  in  a  less  degree,  so  char- 
acteristic of  the  lighter  coloured  mica.  The  most  frequent  and  abund- 
ant coloured  constituent,  however,  is  muscovite,  which  in  some  cases, 
at  least,  is  an  original  constituent,  although  a  great  deal  has  un- 
doubtedly resulted  from  the  alteration  of  the  biotite.  These  peg- 
matitic  bands  very  evidently  represent  the  residual  and  more  acid 
portions  of  the  magma  which  have  crystallized  in  situ,  and  may  be 
referred  to  as  examples  of  what  has  been  called  '  sedentary  pegmatite.' 
They  usually  show  a  perfect,  though  somewhat  rapid,  transition  into 
the  more  basic  bands  immediately  adjoining,  and  are,  therefore,  to  be 
regarded  as  more  strictly  contemporaneous  than  those  constituting 
the  second  mode  of  occurrence.  These  are  masses  or  apophyses  of 
residual  and  consequently  more  fully  hydrated  and  acid  portions  of 
the  map  inn,  which  have  invaded  and  filled  various  cracks  and  fissures 
occurring  in  the  gneissic  massif  or  in  the  neighbouring  clastic  rocks. 
They  are  usually  present  in  more  or  less  marked  conformity  with 
the  foliation  of  the  gneissic  rocks,  but  very  often  fill  rifts  which  in- 
tersect this  at  considerable  angles.  Although  in  the  detail  of  their 
structural  relations  many  of  these  occurrences  are  obviously  newer 
thnn  the  associated  gneisses,  the  general  examination  of  the  masses 
throughout  the  whole  area  seems  to  show  that  they  must  be  regarded 
as  substantially,  of  the  same  age.  i  ue  process  of  crystallization  was 
evidently  practically  continuous  from  the  first  development  of  the 
earlier  constituents  in  the  still  molten  and  viscous  magma  to  the  fill- 
ing in  of  the  most  minute  cracks  and  fissures  by  the  remaining 
quartz,  marking  the  final  step  in  the  complete  solidification  of  the 
whole  mass.  Intimately  associated  genetically  with  these  pegmatites 
are  certain  veins  and  even  veinlets  of  quartz,  sometimes  containing 
feldspar,  which  penetrate  and  anastamose  through  the  prevailing 
gneisses  as  well  as  through  the  clastic  rocks  of  this  district.  These 
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are  especially  numerous  and  well  developed  along:  the  lines  of  contact 
between  the  various  plutonic  masses  and  the  Huronian  elastics,  and 
it  seems  probable  that  by  far  the  greater  number  of  these  infiltrations 
of  secondary  quartz  are  due  to  the  extravasation  and  differentiation 
of  the  numerous  large  masses  of  these  deep-seated  irruptives  exposed 
so  frequently  throughout  this  area. 

In  those  portions  of  the  area  coloured  as  Laurentian,  where  the 
rocks  present  have  solidified  from  a  magma  more  or  less  homogeneous 
in  composition,  the  foliation  generally  present  is  seen  to  consist  usual- 
ly of  a  parallel  alignment  of  the  bisilicate  individuals,  or,  at  most,  of 
small  nests  or  nuclei  composed  of  an  aggregate  of  scales  or  fragments 
of  such  constituents.  Such  rocks  are  in  many  instances  of  somewhat 
later  generation  than  the  more  evenly  foliated  gneisses,  and  frequent- 
ly contain  considerable  masses  or  fragments  of  these  that  have  been 
caught  up  during  the  irruption  of  the  former.  At  other  times  such 
homogeneous  masses  are  simply  more  granitoid  portions  of  the  pre* 
vailing  gneiss,  into  which  they  merge  both  across  and  along  the  strike 
of  the  foliation,  so  that  both  are  strictly  contemporaneous  with  one 
another.  The  area  of  granite  to  the  northeast  of  Lake  Timagami, 
especially  in  the  vicinity  of  Carrying  and  Annima-Nipissing  lakes, 
has  a  marked  foliated  texture,  due  to  the  more  or  less  parallel  dis- 
position of  aggregates  of  greenish  chlorite  scales  resulting  from  the 
decomposition  of  the  biotite  originally  present.  This  foliation  is 
more  pronounced  near  the  junction  with  the  Huronian  slates  on  these 
lake3,  gradually  fading  on  passing  inwards  towards  the  centre  of  the 
mass.  On  Lake  Timiskaming,  as  well  as  near  the  south  end  of  Cross 
lake,  the  Laurentian  in  contact  with  the  breccia-conglomerate  of  the 
Huronian  is  a  massive  granite,  very  poor  in  bisilicates,  but  which 
gradually  merges  southward  into  very  typical  and  evenly  foliated 
gnei9s,showing  the  usual  alternating  sequence  of  acidic  and  basic 
material.  In  the  vicinity  of  Lake  Nasbonsing  the  rock,  wherever 
exposed,  is  a  massive  flesh-coloured  gneiss  very  rich  in  orthoclase  and 
microcline,  while  the  foliation  is  produced  by  the  parallel  disposition 
of  a  rather  sparing  quantity  of  hornblende  and  garnet.  This  rock 
passes  by  insensible  gradations  into  the  more  evenly  foliated  varieties 
exposed  on  the  north  shore  of  the  lake  between  Nasbonsing  and  Bon- 
field  stations,  although  in  the  vicinity  of  Bonfield  station  itself  the 
rock  is  so  massive  that  little  or  no  structural  details  could  be  traced. 

Where  greater  heterogeneity  in  the  original  composition  of  the 
magma  has  prevailed  the  foliation  present  shows  a  corresponding 
increase  in  the  perfection  of  its  development,  consisting  as  it  does 
of  alternating  bands  of  lighter  and  darker  coloured  material,  repre- 
senting numerous  varietal  forms  of  rock-types  which  may  be  referred 
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respectively  to  either  the  acidic  or  basic  groups  already  mentioned. 
This  foliation  it  is  which  generally  characterizes  the  rocks  exposed  in 
the  area  covered  by  the  accompanying  map-sheets. 

The  component  bands  are  of  variable  thickness.  Occasionally  there 
is  an  exceedingly  sharp  line  of  demarcation  between  the  alternating 
folia,  but  as  a  general  rule  there  is  a  complete  though  somewhat 
rapid  transition  from  one  to  the  other.  Even  in  their  subordinate 
arrangement  the  constituent  bands  show  the  same  marked  tendency 
towards  parallel  arrangement,  and  a  thick  bed  of  prevailing  felds- 
pathic  composition  will,  in  cross  section,  present  short  dashes  or  small 
patches  of  biotite  or  hornblende  all  drawn  out  in  one  direction;  while, 
on  the  other  hand,  the  more  basic  portions  show  a  similar  definite 
arrangement  of  long  lenticules  of  lighter  coloured  material,  in  which 
a  relatively  greater  amount  of  feldspar  or  quartz  is  present.  The 
continuity  of  these  folia,  both  large  and  small,  is  broken  at  frequent 
intervals,  sometimes  abruptly,  but  usually  by  a  gradual  thinning  out 
in  either  direction.  Frequently,  before  such  interruption  takes  place, 
bands  of  essentially  similar  composition  may  be  formed  immediately 
above  or  below,  which  in  turn  pinch  out  in  both  directions  to  be  again 
replaced  by  others.  This  irregularity  in  horizontal  arrangement  is 
equally  true  of  their  downward  or  vertical  extension,  so  that  the 
whole  section  of  even  a  small  area  of  any  such  rock-exposures  pre- 
sents an  exceedingly  complicated  arrangement  of  lighter  and  darker 
material  of  greatly  varying  acidity  and  basicity.  It  is  quite  evident 
from  their  macroscopic  arrangement  that  their  formation  waa  attend- 
ed with  an  extremely  gradual  diminution  of  temperature,  for  the 
frequent  absence  of  sharp  lines  of  demarcation  between  these  bands 
of  widely  different  composition  seems  to  point  to  the  re-absorption 
by  the  later  and  more  acid  portions  of  the  magma  of  the  first  formed 
or  faster  cooling  basic  portions,  perhaps  many  times  repeated  before 
the  final  consolidation  of  the  whole  mass. 

In  many  places  the  dark  bands  evidence  the  action  of  extensive 
crushing  and  crumpling,  showing  that  great  movements  have  taken 
place  in  the  whole  series.  These  movements  were  doubtless  approxi- 
mately synchronous,  and  closely  connected  with  the  invasion  and 
cooling  of  the  more  acid  portions  of  the  magma.  The  most  curious 
and  complicated  structures  are  thus  often  produced,  this  complexity 
being  enhanced  by  the  frequent  dislocation,  accompanied  sometimes 
by  considerable  separation  and  displacement,  of  those  portions  which 
evidently  existed  originally  in  unbroken  continuity.  Such  intricate 
structures  are,  however,  usually  extremely  local  in  their  development, 
the  gneiss  elsewhere  in  the  vicinity  often  showing  little  or  no  sign  of 
extreme  disturbance.    Although,  as  a  general  rule,  the  direction  of 


Digitized  by  Google 


Bxrlow] 


rETROGRAPHY  OF  THE  LAURENTIAN 


67  I 


this  foliation  shows  a  marked  uniformity  over  large  areas,  there  is  a 
considerable  diversity  in  arrangement  in  this  regard,  as  indicated  on 
the  accompanying  maps. 

A  careful  correlation  of  the  many  observations  made  shows  clearly 
that  these  gneissic  rocks,  occur  for  the  most  part  in  the  form  of  large 
rudely  oval  or  concentric  masses  whose  longer  axes  have  in  general  a 
direction  according  with  the  prevailing  strike  of  the  foliation.  Fre- 
quently such  large  ovoid  masses  present  quaquaversal  dips,  which  in 
cross-section  simulate  the  ordinary  anticlinal  arch.  About  a  mile 
east  of  Mattawa  station  the  Canadian  Pacific  railway  cuts  through 
a  small  dome  of  these  gneissic  rocks,  composed  of  beautifully  sharp 
alternating  feldspathic,  micaceous  and  quartzose  bands,  showing  a  re- 
markably perfect  example  of  very  pronounced  differentiation.  The 
section  as  presented  on  either  side  of  the  railway  track  presents  a 
marked  resemblance  to  a  low  anticlinal  dome.  Plate  III.  The  truly 
igneous  character  of  the  composing  rocks,  however,  would  not  permit 
of  such  an  interpretation.  In  size  these  ovoid  masses  vary  greatly, 
some  of  the  curvings  belonging  to  ellipsoids  many  miles  in  diameter, 
while  others  are  a  mile  or  less  in  diameter. 

As  a  rule  the  folia  or  laminw  have  a  prevailing  dip  to  the  southeast 
or  south,  which  is  singularly  uniform  over  large  areas.  This  inclina- 
tion is  generally  rather  steep,  usually  considerably  over  45°,  while, 
frequently,  as  in  many  places  along  the  shores  of  Lake  Timiskaming, 
the  foliation  is  almost*  if  not  quite,  vertical.  On  Seven  League  lake 
and  southwards  to  Mattawa,  as  well  as  westwards  to  Tomiko  lake,  the 
bands  frequently  succeed  one  another  in  almost  horizontal  succession, 
the  dip,  if  any,  being  generally  southwards  at  a  low  angle.  Even  in 
this  area,  however,  there  are  frequent  exceptions  to  this  rule,  and  the 
rocks  often  show  a  rapid  change  in  this  prevailing  horizontality  as 
though  the  bands  had  been  subjected  to  frequent  disturbances  and 
dislocation  during  the  progress  of  their  formation.  Thus  in  the 
vicinity  of  North  Bay  and  the  northern  portion  of  Lake  Nipissing 
the  gneisses  often  approach  a  vertical  attitude,  while  on  the  southern 
shores  in  the  vicinity  of  French  river  similar  rocks  are  nearly  hori- 
zontal. 

PETROGRAPHY  OF  THE  LAURENTIAN. 

The  petrographical  work  done  in  connexion  with  the  present  report 
was  carried  out  with  the  co-operation  of  Mr.  W.  F.  Ferrier,  Litholo- 
gist  to  the  Geological  Survey,  to  whom  credit  must  be  given  for  many 
of  the  results  obtained. 

The  writer  and  Mr.  Ferrier  worked  in  conjunction  on  the  problems 
involved  and  with  so  free  an  interchange  of  ideas  throughout  that 
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no  attempt  will  be  here  made  to  separate  the  examinations,  more  than 
to  mention  that  many  of  the  more  critical  specimens  were  made  the 
subject  of  special  study  by  Mr.  Ferrier. 

The  main  object  of  these  detailed  studies  has  been  not  only  to  ob- 
tain more  accurate  information  with  regard  to  the  composition  and 
minute  structures  of  the  various  rocks,  but  also  to  gain  an  increased 
knowledge  of  their  origin  and  the  relationship  existing  between  the 
alternating  bands  of  relatively  greater  or  less  basicity. 

Incidentally  a  table  has  been  prepared,  showing  a  classification  of 
these  old  crystalline  rocks,  displaying  not  only  their  composition,  but 
also  their  close  affiliation  with  one  another.  This  table  may  recom- 
mend itself  to  petrographers,  as  it  has  done  to  the  authors,  and  it  is 
hoped  may  be  found  of  material  use  in  future  work  undertaken  in 
areas  of  similar  Archaean  gneissic  rocks. 

Much  microscopical  work  has  been  accomplished  in  connexion 
with  a  series  of  specimens  taken  as  illustrative  of  the  various  contact 
phenomena  exhibited  along  the  line  of  junction  between  the  Lauren- 
tian  and  Huronian.  This  has  enabled  a  more  accurate  interpretation 
and  description  of  the  various  facts  having  reference  to  the  relative 
ages  of  these  two  series  of  rocks.  Field-work,  no  matter  how  careful 
or  extended,  in  areas  characterised  by  the  presence  of  Archaean  strata, 
must  of  necessity  lose  much  of  its  value  if  unaccompanied  by  con- 
current petrographical  studies.  In  the  present  instance  the  results 
have  been  adduced  not  only  from  a  critical  and  extensive  examin- 
ation of  the  numerous  rock-exposures  in  the  field,  but  also  by  a  care- 
ful correlation  of  the  facts  thus  ascertained  with  those  acquired  in 
the  petrographical  laboratory. 

Classification. 

Any  system  of  classification  applied  to  such  a  series  of  foliated 
rocks  must,  necessarily,  in  some  respects  be  unsatisfactory;  but  a 
grouping  together  according  to  their  minvralogical  composition  seems 
on  the  whole  to  be  the  best  that  can  be  adopted  in  the  present  state  of 
our  knowledge. 

As  already  stated,  however,  there  can  be  no  doubt  that  all  of  the 
petrographical  types  represented  in  the  gneisses  from  this  region  are 
allied  in  their  chemical  composition  and  mineral  constituents  to  such 
plutonic  igneous  rocks  as  granite  syenite,  diorite  gabbro,  etc.,  but,  as 
might  be  expected,  there  is  a  passage  from  one  rock -type  to  another, 
sometimes  gradual,  sometimes  very  abrupt,  according  to  the  abund- 
ance or  scarcity  of  certain  minerals. 

It  must  be  borne  in  mind  that  th*  classification  here  adopted  is  an 
arbitrary  one,  based  on  the  mineralogical  composition  of  the  rocks, 
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and  to  a  certain  extent  on  variations  in  their  structure,  the  object  be- 
ing, excluding  theoretical  considerations,  to  establish  certain  well  de- 
fined petrographical  types  that  have  been  found  to  be  constant  in  the 
area  examined,  and  to  which  specimens  from  other  districts  may  be 
referred. 

Xo  attempt  has  been  made  to  examine  minutely  all  the  specimens 
collected,  but  good  examples  of  the  more  prevalent  types  have  been 
selected  and  described  in  detail. 

As  previously  stated  the  gneisses  of  the  region  may  be  placed  in 
two  great  divisions,  the  acidic  characterized  by  orthoclasc  as  the  pre- 
dominant feldspar,  and  the  basic  by  the  predominance  of  plagioclase. 
Biotite  is  by  far  the  most  abundant  ferro-magnesian  constituent  of 
the  first  division,  and  hornblende  of  the  second. 

The  first  division  may  be  subdivided  into  seven  groups,  dependent 
on  the  presence  of  one  or  other  of  the  coloured  constituents.  Arrang- 
ed, approximately,  according  to  frequency  of  occurrence  in  the  collec- 
tion, they  are  as  follows: — 

1.  Gneisses  characterized  by  the  presence  of  biotite  and  primary 
epidote. 

2.  Gneisses  in  which  biotite  alone  is  pr3sent. 

3.  Gneisses  in  which  both  biotite  and  muscovite  occur. 

4.  Gneisses  in  which  hornblende  accompanies  the  micas. 

o.  Gneisses  in  which  cyanite,  graphite,  garnet,  etc,  accompany  the 
biotite. 

6.  Gneisses  in  which  hornblende  alone  is  present. 

7.  Gneisses  in  which  muscovite  alone  is  present. 

The  relationship  of  these  rocks  to  their  analogous  massive  types 
may  be  seen  by  reference  to  the  accompanying  table. 

Of  the  second  division,  the  basic  or  hornblende  gneisses,  two  varie- 
ties may  sometimes  be  distinguished,  first,  those  which  represent  seg- 
gregated  bands  of  the  more  basic  material  of  the  original  granitic 
magma,  and  secondly,  those  which  are  undoubted  basic  eruptives 
folded-in  with  the  more  acidic  gneisses. 

It  is  not  always  possible  to  make  this  distinction,  but  examples  of 
each  of  these  two  varieties  have  been  observed. 

Classified  according  to  their  mineralogical  composition  they  natur- 
ally must  be  placed  close  to  each  other. 

Amongst  the  first,  whilst  certain  names  have  been  applied  to  in- 
dividual specimens,  it  is  manifest  that  no  hard  and  fast  lines  can  be 
drawn  in  the  field.  For  instance,  a  band  of  which  one  portion  would 
have  the  mineralogical  composition  and  characters  of  a  quartz-mica- 
diorite  may  pass  insensibly  into  material  having  all  the  characters  of 
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a  hornblende-granitite,  according  as  the  plagioclase  diminished  and 
monoclinic  feldspar  increased  in  quantity. 

One  remarkable  fact  in  connexion  with  these  basic  bands  is  the 
great  scarcity  in  them  of  augite,  none  of  the  hornblende  containing 
cores  of  that  mineral,  or  affording  any  direct  evidence  of  having 
originated  from  it. 

In  the  Laurentian  area  lying  to  the  north  of  the  Island  of  Montreal, 
recently  described  by  Dr.  Adams  *  on  the  contrary,  the  basic  bands  in 
the  gneiss  appear  to  consist  largely  of  pyroxene  rocks. 

I.—The  Gthnitc-gneisaes. 

In  colour  these  rocks  range  from  a  light-grey  to  a  decided  red.  The 
red  rocks  represent  what  has  usually  been  called  by  the  older  writers 
on  the  Archa?an,  the  '  red  orthoclase  gneiss,'  but  we  find  in  the  field 
every  gradation  from  the  grey  to  the  red  gneiss,  the  one  passing  im- 
perceptibly into  the  other  in  many  localities,  and  the  microscopical 
examination  has  failed  to  detect  any  essential  point  of  differenco 
between  these  two  varieties. 

The  red  gneisses  contain  a  large  quantity  of  hydrous  iron-oxides 
distributed  through  them,  to  which  the  coloration  is  due,  and  they 
also  appear  to  have  a  larger  proportion  of  microcline  than  the  grey 
ones.  Plagioclase  was  not  observed  to  exist  in  any  greater  quantity 
in  the  grey  varieties  than  in  the  red  ones. 

Many  of  the  more  altered  mica-gneisses  have  assumed  a  dark-green 
colour,  owing  to  the  chloritization  of  the  biotite,  but  microscopic  ex- 
amination shows  that  they  may  be  included  in  the  same  class  as  the 
typical  unaltered  ones. 

These  cbloritized  mica-gneisses  have  been  frequently,  though  erron- 
eously, spoken  of  as  hornblende-gneisses  by  the  earlier  geological 
observers  in  this  region,  who  were  misled  by  their  colour  and  had  not 
tho  advantages  afforded  by  microscopical  examination  of  the  rocks.  A 
remarkable  feature  of  these  gneisses  is  their  comparative  freedom 
from  iron  ores. 

When  pyrite  occurs  it  is  almost  always  associated  with  large  clove- 
brown  sphenes. 

In  the  case  of  the  micaceous  gneisses,  i.e.,  those  in  which  biotite 
alone,  or  biotite  and  muscovite  together,  constitute  the  predominating 
ferro-magnesian  constituents,  hornblende  was  observed  in  only  two 
instances,  and  then  in  minute  quantities. 

The  almost  total  absence  of  augite  from  these  rocks  is  to  be  parti- 

•Anoual  Report,  Geol.  Surv.  Can.,  vol.  VIII.  (N.S.).  Part  J.,  1896. 
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cularly  noted.  Even  in  the  basic  hornbhrnde-gneisses  of  the  region 
this  mineral  is  very  rarely,  if  ever,  to  be  found. 

A.  Biotite-muscovite  gneisses — (Granite-gneiss). — The  rocks  group- 
ed together  under  this  heading  are,  like  the  other  gneisses,  holo- 
crystalline  and  granitic  in  their  structure.  Both  biotite  and  mus- 
covite are  present  as  the  chief,  and  in  fact  almost  the  only,  coloured 
constituents.  These  two  miens  occur  intergrown  with  each  other  in 
aggregates  of  broad  fresh  plates.  The  specimens  representing  this 
rock-type  are,  apparently,  not  very  numerous  in  the  collection.  Those 
examined  are  remarkably  free  from  epidote,  iron  ore  and  titanite. 

Orthoclase  and  microcline  are  the  predominating  feldspars,  and 
pranophyric  intergrowth  of  the  quartz  and  feldspar  is  a  common 
feature. 

B.  Muscovite-granite-gneiss— (Pegmatite  in  part).— The  rocks  thus 
designated  and  classified  are  of  comparatively  rare  occurrence  as 
strictly  integral  portions  of  the  gneissic  complex,  and  where  present 
constitute  the  latest  secretions  from  the  original  magma. 

In  reality  they  represent  interfoliated  bands  of  pegmatite,  although 
of  much  finer  texture  than  the  rock  to  which  that  name  is  usually 
applied.  In  colour  they  are  white,  light-grey,  or  pale-pink,  presenting 
glistening  or  pearly  cleavage  planes.  Under  the  microscope  they 
present  the  usual  interlocking  noncrystalline  aggregate  of  quartz, 
orthoclase,  plagioclase  (oligoclase)  and  microcline,  with  a  smaller 
amount  of  sericite  (hydrous  muscovite)  arranged  in  long  drawnout 
scales  and  plates  which  traverse  the  rock  in  curving  and  approxi- 
mately parallel  bands.  A  small  quantity  of  epidote  and  zoisite  in 
crystals  and  grains,  some  of  which  may  be  primary,  is  associated 
with  small  scales  of  sericite,  the  latter,  at  least,  being  one  of  the 
products  of  the  incipient  decomposition  of  the  feldspathic  constituents. 
Occasional  small  flakes  or  scales  of  a  much  bleached  biotite  occur, 
some  of  which  form  a  parallel  intergrowth  with  the  muscovite.  The 
specimens  examined  have  undergone  extensive  deformation,  as  a 
result  of  pressure  subsequent  to  the  cooling  of  the  rock,  and  both 
feldspar  and  quartz  have  suffered  a  somewhat  marked  granulation, 
while  the  surviving  individuals  of  both  these  minerals  exhibit  wavy 
extinction  rather  perfectly.  Some  of  the  muscovite  is  doubtless  of 
primary  formation,  although  some  has  evidently  resulted  from  the 
fhearing  of  the  feldspar. 

C.  Biotite-granite-gneisses — (Granitite-gnemes).  Var.  (a)  Biotite- 
epidote-gneiss. — The  combination  of  biotite  and  epidote  as  the  prin- 
cipal coloured  constituents  forms  a  well  defined  rock-type  which  has 
been  found  to  be  remarkably  constant  over  large  and  widely  separated 
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areas,  and  is  the  one  which  is  represented  by  the  largest  number  of 
spcimens. 

These  rocks  are  undoubtedly  of  irruptive  origin,  and  are,  in  fact, 
foliated  granitites,  thoroughly  holocrystalline  and  granitoid,  varying 
from  coarsely  to  finely  crystalline;  the  constituent  minerals  being, 
as  a  rule,  equally  developed  on  all  sides. 

Var.  (6)  Biotite-gneiss.  These  are  foliated,  holocrystalline, 
granitic  rocks  in  which  biotite  alone,  or  accompanied  by  very  trifling 
quantities  of  secondary  epidote,  is  the  ferro-magnesian  constituent. 

In  the  specimens  of  this  type  of  rock  which  have  been  examined 
the  mineral  does  not  occur,  as  a  general  rule,  in  aggregates  of  broad 
plates,  but  in  isolated  independent  ones  which  have  an  approximately 
parallel  arrangement  determining  the  foliation  of  the  mass. 

Var.  (c)  Biotite-cyanite-gneiss.  This  gneiss,  though  somewhat  re- 
markable in  its  mineral  composition,  in  that  it  contains  cyanite,  gar- 
net and  graphite  in  addition  to  the  biotite  which  chiefly  characterises 
it,  does  not  present  any  evidence  whatever,  either  in  its  microscopical 
structure  or  its  field  relations,  of  any  other  than  an  irruptive  origin. 

It  is  a  perfectly  fresh,  holocrystalline,  foliated  granitic  rock,  and 
possesses  in  its  structure  no  features  which  would  at  all  suggest  re- 
crystallization.  It  seems  to  be  a  peculiar  local  phase  of  the  prevalent 
biotite-gneisses  of  the  region,  differing  in  no  way  from  them  as 
regards  origin. 

A  somewhat  similar  gneiss  from  near  Wanapitei  station  in  the 
Sudbury  district  has  recently  been  petrographically  described  by  Dr. 
T.  L.  Walker  *  who,  however,  says  little  regarding  its  microscopical 
character  and  field  relations,  beyond  assigning  it  to  the  Leurentian 
and  stating  that  he  regards  it  as  a  '  true  gneiss  *  and  not  a  crushed 
granite. 

Var.  (d)  Hornblende-granitite-gneiss. — The  rock  thus  classified 
differs  but  little  in  microscopical  character  from  the  ordinary  mica- 
ceous form  of  the  granitites,  although  usually  darker  in  colour  and 
more  basic  in  appearance.  It  shows  a  transition  on  the  one  hand  into 
granitite  containing  biotite  alone  as  the  coloured  constituent,  which 
is  the  prevailing  type  of  these  gneiss ic  rocks,  and  on  the  other  into 
hornblende-granite-gneiss,  which  latter  facies  is  of  rather  rare  occur- 
rence throughout  the  district.  In  all  previous  descriptions  the  horn- 
blende-granite-gneiss  has  been  reported  as  the  variety  most  commonly 
present  in  the  Laurentian,  the  mistake  having  undoubtedly  arisen 
from  the  frequent  chloritization  of  the  biotite  originally  present  in 

•Geological  and  Petographlcal  Studies  of  the  Sudbury  Nickel  district 
Quart.  Journ.  Geol.  Soc.  vol.  LI1I.,  p.  42,  1897. 
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the  prevalent  granitite,  the  individuals  showing  the  more  advanced 
stages  of  decomposition  bearing  a  marked  macroscopical  resemblance 
to  those  of  the  ordinary  green  trichroic  hornblende  usually  noticed 
in  these  Archaean  rocks.  The  rock  presents  the  usual  reddish  or 
greyish  colours,  and,  where  highly  differentiated,  exhibits  the  usual 
interfoliation  of  lighter  and  darker  coloured  bands,  although  the 
lenticular  areas  or  patches  of  the  former  are  relatively  less  abundant 
and  of  smaller  extent  than  those  of  darker  hue.  The  structure  of  the 
rock  is  holocrystalline ;  it  is  composed  of  quartz,  orthoclase,  plagio- 
clase,  microcline,  biotite  and  hornblende  as  the  chief  or  essential 
constituents,  together  with  a  much  smaller  quantity  of  ilmenite  (in 
part  altered  to  leucoxene),  magnetite,  sphene,  epidote,  apatite  and 
zircon,  as  accessory  or  accidental  constituents;  while  chlorite,  calcite, 
and  sericite  usually  occur  in  more  or  less  abundance  as  secondary  pro- 
ducts of  decomposition.  Hornblende  is  the  most  abundant  ferro- 
magnesian  mineral  in  the  more  basic  portions,  while  biotite  predom- 
inates in  the  lighter  coloured  patches.  The  rock  presents  no  unusual 
features  as  regards  crush  phenomena,  the  component  individuals  of 
feldspar  and  quartz  usually  showing  little  evidence  of  having  been 
subjected  to  any  very  considerable  pressure  subsequent  to  consoli- 
dation. 

D.  Hornblende-granite-gneisses. — This  facies  of  rock  seems  to  be  of 
rather  limited  and  rare  occurrence  in  the  district  under  description, 
and  the  specimens  from  which  the  thin  sections  were  prepared  for 
purposes  of  study  were  obtained  in  close  proximity  to  masses  of  basic 
pyroxenic  or  hornblendic  material.  Their  composition  and  associa- 
tion has  suggested  that  the  rock  may  represent  a  commingling  or 
transference  of  material,  through  fusion,  of  the  substance  of  both 
rocks.  The  rocks  thus  classified  resemble  very  closely  the  hornblende- 
granites  with  which  they  are  intimately  related.  The  most  common 
of  the  essential  constituents  are  quartz,  orthoclase,  microcline,  plagio- 
clase  and  hornblende,  with  sphene,  apatite,  iron  ore,  zircon,  epidote 
and  garnet  as  accessory  minerals. 

The  colour  varies  greatly,  depending  largely  on  the  composition,  the 
more  basic  portions  being  dark-greenish  to  almost  black,  while  the 
acidic  bands  are  greyish  or  reddish. 

Certain  of  the  more  massive  and  homogeneous  varieties  of  these 
rocks  have  a  distinct  flesh-red  colour,  with  a  greenish  tinge  given  by 
the  prevalence  of  the  hornblende. 

In  common  with  the  rest  of  the  gneisses  these  rocks  have  been  sub- 
jected to  pressure  of  varying  intensity,  resulting  in  the  granulation  of 
the  quartz  and  feldspar. 
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II. — Syenite  Gneisses. 

These  do  not  appear  to  have  many  representatives  amongst  the 
rocks  of  the  region.  Those  observed  correspond  to  the  mica-syenites 
of  the  massive  plutonic  igneous  rocks  and  may  be  termed: — 

Mica-sj/enile-gneiss. — This  is  a  noncrystalline  foliated  rock  char- 
acterized by  the  almost  total  absence  of  quartz,  and  the  presence  of 
biotitc  as  the  principal  ferro-magnesian  constituent. 

Orthoclnse  is  the  prevailing  feldspar  in  the  typical  examples,  but 
in  the  one  specimen  which  was  examined  a  plagioclase  (oligoclase  or 
albite)  was  found  to  constitute  nearly  50  per  cent  of  the  feldspar 
present  in  the  section. 

These  rocks  are  undoubtedly  the  foliated  equivalents  of  the  massive 
miea-syenites,  which,  as  is  well  known,  frequently  contain  a  <*onsider- 
able  quantity  of  albite  in  addition  to  the  orthoclase  and  biotite. 

///. — Diorite  Gneisses. 

Var.  (a)  Quartz-mica-diorite-gneiss. — Macroscopically  this  rock 
is  of  a  dark-grey  almost  black  colour,  very  evenly  foliated,  and 
presenting  brightly  glistening  cleavage  surfaces.  Sometimes  very  nar- 
row interfoliated  bands  are  more  acid  in  composition,  and  have  a  red- 
dish or  greyish  tinge  owing  to  the  presence  of  a  considerable  quantity 
of  feldspar  and  quartz,  more  or  less  stained  by  hydrous  oxide  of  iron. 

Both  in  the  field  and  under  the  microscope  these  are  seen  to  merge 
gradually  into  the  more  basic  varieties  of  the  granite-gneisses,  from 
which  they  differ  chiefly  in  that  the  orthoclase  is  replaced  by  plagio- 
clase  as  the  predominating  feldspathic  constituent,  while  hornblende, 
instead  of  biotite,  is  present  as  the  principal  ferro-magnesian  mineral, 
occurring  in  considerable  quantity  even  in  the  most  basic  phases  of 
the  rock,  while  both  these  minerals  are  always  abundant  enough  to 
characterize  it.  The  constituent  minerals  are  essentially  identical 
with  those  noticed  as  present  in  the  more  basic  types  of  granUe-gneiss, 
differing  only  in  the  order  of  their  relative  abundance  and  importance. 
The  coloured  constituents,  such  as  hornblende,  biotite  and  sphene, 
make  up  the  greater  part  of  the  rock,  which  is  relatively  much  poorer 
in  feldspar  and  quartz,  the  most  important  and  abundant  minerals 
in  the  granite-gneisses.  The  essential  constituents  usually  noticed 
are  plagioclase,  orthoclase,  quartz,  hornblende  and  biotite.  Microcline 
is  very  often  present  in  subordinate  amount.  Primary  epidote  in 
very  sharp  idiomorphic  crystals,  embedded  chiefly  in  unaltered  biotite, 
and  sometimes  penetrated  by  wedge-like  crystals  of  sphene  or  titanite, 
was  frequently  noticed.  Of  the  accessory  minerals,  sphene,  apatite 
and  zircon  are  almost  invariably  present,  while  pyrite,  magnetite, 
limonite,  epidote  and  allanite  likewise  sometimes  occur.    These  basic 
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bands  nrc  undoubtedly  integral  portions  of  the  same  magma  from 
which  the  more  usual  or  prevailing  granite-gneiss  has  solidified. 

Tar.  (b)  Dioritic  Gneiss:  Amphibolile. — It  has  been  thought  advis- 
able for  the  purposes  of  distinction  to  use  this  term  '  dioritic  gneiss,' 
not  as  implying  any  difference  in  origin,  but  simply  denoting  that 
the  rock  thus  classified  does  not  form  an  integral  or  highly  differen- 
tiated portion  of  the  same  magma  from  which  the  ordinary  gneisses 
have  solidified.  It  frequently  occurs  interfoliated,  and  often  in  dike- 
like forms,  evidently  representing  portions  of  some  pre-existing  basic 
irruptive  which  has  undergone  excessive  crushing  and  consequent  re- 
crystallization,  as  a  result  of  the  subsequent  intrusion  of  the  asso- 
cirted  gneissic  rocks  classified  as  Laurentian.  Macroscopically  these 
rocks  are  fine-grained,  very  dark  greenish-grey  (almost  black)  in 
colour,  with  distinct  foliation  and  tchistosity.  When  broken  the 
fresh  surfaces  show  brightly  glistening  crystals  and  plates  of  horn- 
blende and  mica.  The  rock  examined  is  composed  chiefly  of  compact 
green  trichroic  hornblende  and  plagioclase.  As  is  often  the  case  with 
rocks  which  have  undergone  similar  extensive  recrystallization  the 
triclinic  feldspar  present  is  very  clear  and  glassy,  showing  a  frequent 
and  marked  absence  of  the  twinning  or  pressure  lamalhe.  When  these 
are  present,  however,  the  extinction-angles  shown  are  those  character- 
istic of  labradorite,  while  some  of  the  unstriated  grains  may  possibly 
represent  orthoclase.  The  quartz  present  is  proportionately  very 
subordinate  in  quantity,  and  is  often  with  difficulty  distinguishable 
from  the  clear  and  sharply  extinguishing  feldspar.  The  biotite  pre- 
sent occurs  in  intimate  association  with  the  hornblende,  sometimes 
forming  parallel  intergrowths  with  this  mineral ;  garnet  and  ilmenite, 
the  latter  mineral  often  surrounded  by  sphene,  are  likewise  present. 
In  several  instances  the  same  rock  was  traced  directly  and  continu- 
ously into  larger  areas  of  practically  unaltered  gabbroic  or  diabasic 
material,  of  distinctly  earlier  genesis  than  the  gneiss  in  which  they 
are  embedded. 

Minerals  of  the  Gneissic  Rocks. 

The  minerals  observed  in  the  acidic  and  basic  gneissic  rocks  are  the 
following  :— 

Quartz  Epidote  Apatite  Union  its  Allanlte 

Orthoclase  Muscovite       Titanlte  L< ucoxeue  Rtnile 

Microcllne  Chlorite  zircon  Litnonlte  Cyanlte 

Plagioclase  Pyrite  Garnet  Zoisite  »,n;>hite 

Biotite  Calcite  Nfagnetite  Talc  FtbrMlie 

Hornblende  Sericite  H»>matite  ouraialine  Augite 

Of  these  the  quartz,  orthoclase,  plagioclase,  biotite,  hornblende, 
epidote  and  muscovite  may  be  regarded  as  essential,  and  the  re- 
mainder either  accessory  or  secondary  constituents. 
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Quartz. — This  is,  in  general,  a  very  abundant  mineral  in  the 
gneisses  of  the  district.  Only  in  a  few  cases  were  granitic  specimens 
observed  in  which  the  absence  of  quartz  would  lead  to  their  being 
grouped  with  the  syenites.  It  enters  largely  into  the  composition  of 
the  basic  rocks,  allying  them  to  the  quartz-diorites  and  quartz-mica- 
diorites.  In  its  general  character  it  does  not  differ  from  the  ordinary 
granitic  variety,  but  is,  of  course,  much  crushed,  stretched  and 
granulated  in  those  gneisses  which  have  been  subjected  to  intense 
dynamic  action. 

It  appears  to  fill  in  the  spaces  between  the  feldspar  of  the  rock, 
and,  consequently,  to  have  crystallized  out  of  the  magma  after  they 
were  formed.  This  is  especially  noticeable  in  many  of  the  basic  or 
dioritic  gneisses.  Distinct  crystals  of  quartz  have  not  been  observed 
in  the  rocks  examined,  the  mineral  occurring  in  the  form  of  irregular 
grains. 

The  quartz  grains,  as  usual,  always  exhibit  the  effects  of  dynamic 
action  in  a  much  more  marked  degree  than  do  the  feldspars.  A 
granophyric  intergrowth  with  feldspar  is  of  very  common  occurrence. 
Inclusions  are  frequent.  Sometimes  the  quartz  occurs  in  grains 
Mattered  through  hornblende,  the  individual  grains  having  no  regular 
arrangement  or  orientation  with  respect  to  one  another  or  to  their 
host.  Such  a  structure  has  been  named  *  poikilitic '  by  the  late  Dr. 
George  H.  Williams* 

Orthoclase. — This  is  the  most  abundant  of  the  feldspars  which  occur 
in  these  rocks.  It  usually  forms  irregular  grains  interlocked  with  the 
other  feldspars  and  quartz,  although  in  a  few  instances  porphyritic 
individuals  occur,  which  are  sometimes  twinned.  It  is  seldom  quite 
clear  and  fresh-looking,  but  usually  turbid  in  appearance,  and  more 
or  less  filled  with  little  scales  of  sericite  and  granules  and  crystals  of 
epidote  and  zoisite,  the  products  of  it*  decomposition. 

In  those  specimens  representing  rocks  which  have  evidently  been 
subjected  to  intense  dynamic  action  the  orthoclase  shows  a  marked 
tendency  to  pass  into  microcline.  Inclusions  of  the  other  minerals 
present  in  the  rock  are  of  frequent  occurrence,  and  intergrowths  with 
triclinic  feldspars  were  also  noted.  It  is  often  stained  with  hydrous 
oxides  of  iron,  giving  brownish  or  reddish  tints  to  the  rock.  In  com- 
mon with  the  other  feldspars  it  has  escaped  to  a  large  extent  the 
results  of  dynamic  action,  rocks  in  which  the  quartz  has  been  com- 
pletely granulated  frequently  preserving  large  grains  of  the  feldspars 
which  show  only  a  few  cracks  and  a  more  or  less  pronounced  undula- 
tory  extinction. 


•On  the  Wee  of  the  Term*  Poikilitic  and  MlcropolkiUtlc  in  Petrography  ; 
Journal  of  Geology,  yol.  I.  No.  2.  pp.  176-179. 
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Microcline. — This  is  a  very  abundant  constituent  of  the  granitic 
gneisses,  especially  of  those  which  have  been  greatly  crushed  and 
granulated.  Teall  has  recently  announced  that  the  result  of  his  in- 
vestigations of  the  microcline  in  the  older  Deeside  (Cairnshee) 
granite  of  the  Highlands  of  Scotland  '  lend  no  support  to  the  view 
that  microcline  may  be  developed  from  orthoclase  by  dynamic  or 
any  other  action,  but  are  in  accordance  with  tho  theory  of  Michel, 
Levy  and  Mallard,  that  orthoclase  is  microcline  in  which  the  poly- 
synthetic  twinning  is  on  a  sub-microscopical  scale.' 

The  constant  relationship  which  exists  between  the  quantity  of 
microcline  in  a  given  rock  and  the  degree  of  pressure  to  which  the 
rock  has  been  subjected,  as  brought  out  by  microscopic  examination, 
is  of  too  marked  a  character  to  be  ignored,  and  instances  may  fre- 
quently be  observed,  where,  when  a  large  individual  of  orthoclase  has 
been  peripherally  granulated,  the  fragments  detached  from  tho  parent 
individual  show  to  perfection  the  typical  cross-hatching  of  microcline, 
whilst  the  centre  is  quite  free  from  striations  and  exhibits  the  ordi- 
nary characters  of  orthoclase.  There  is  not,  in  such  instances,  a 
gradual  transition  from  one  structure  to  the  other,  the  cross-hatching 
in  the  detached  bit  of  granulated  material  next  to  the  parent  indi- 
vidual terminating  as  abruptly  against  the  fractures  which  separate 
them  from  it  as  do  the  stria;  induced  by  pressure  in  a  plagioclase  indi- 
vidual against  cracks  traversing  tho  crystal.  Where  evidences  of 
pressure  are  unmistakably  present,  but  fracturing  has  not  actually 
taken  place,  the  gradation  may  be  seen  from  the  normal  orthoclase, 
through  a  '  moire  structure '  to  the  typical  cross-hatching.  Plate  IV., 
Figs.  2  and  3. 

Thus,  whether  microcline  and  orthoclase  be  identical  or  dimorphous, 
(a  question  which  cannot  be  discussed  here)  the  scarcity  of  the 
former  in  unaltered  rocks,  and  its  marked  abundance  in  those  which 
have  been  subjected  to  pressure,  together  with  the  peculiar  manner 
in  which  it  has  been  observed  to  occur  in  individual  instances  men- 
tioned above,  seems  to  prove  rather  conclusively  that  microcline  struc- 
ture at  least  can  be,  and  is,  produced  in  the  feldspar  now  known  as 
orthoclase  and  not  showing  that  structure  as  tho  result  of  pressure. 
It  seems,  too,  reasonable  to  suppose  that,  if  orthoclase  be  microcline 
with  a  sub-microscopic  twinned  structure,  we  should  find  various 
gradations  in  the  same  section  from  the  microscopically  invisible 
structure,  through  exceedingly  fine  striation,  to  the  distinctly  visible 
and  sometimes  quite  coarse  structure  characterizing  what  we  call 
microcline. 

Instead  of  this  we  find  that  when  a  crystal  which  we  call  ortho- 
clase is  subjected  to  pressure  a  peculiar  wavy  structure  appears  in 
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it,  analogous  to  the  strain  shadows  of  quartz  as  seen  in  the  thin  sec- 
tion ;  the  grain  or  crystal,  when  carefully  examined  under  the  micro- 
scope, being  evidently  under  strain  and  undergoing  deformation.  This 
wavy  structure  gradually  merges  into  the  typical  cross-hatched  one. 
In  fact  many  of  the  arguments  advanced  and  facts  cited  in  favour 
of  the  theory  that  microcline  and  orthoclase  are  identical  seem  to 
point  strongly  to  the  conclusion  that,  this  is  not  the  ease,  but  that 
microcline  represents  a  re-arrangement  of  the  orthoclase  molecule 
induced  by  pressure. 

Cases  where  areas  of  feldspar  with  typical  microcline  structure 
occur,  included  in  unaltered  and  uncrushed  orthoclase  individuals, 
may  be  regarded  as  analogous  to  intergrowths  of  the  ordinary  triclinic 
and  monoclinic  feldspars. 

Plagioclase.— In  the  granitic  and  syenitic  gneisses  plagioclase  is 
tolerably  abundant,  in  the  case  of  the  mica-syenite-gneiss  from  Cross 
lake  constituting  nearly  one-half  of  the  feldspar  present.  No  direct 
chemical  determinations  have  been  made,  but  when  the  angles  of 
extinction  have  been  measured  these  indicate  that  the  feldspar  is 
either  an  oligoclase  or  an  andesite. 

As  a  general  rule  the  proportion  of  the  plagioclase  present  in- 
creases with  the  basicity  of  tbe  rock,  and  it,  of  course,  predominates 
in  the  diorite-gneisses  of  the  region.  In  these  rocks  it  is,  apparently, 
chiefly  a  labradorite.  It  is  usually  well  twinned,  this  twinning  being 
due  to  pressure  in  many  cases. 

Alteration  to  calcite  was  frequently  observed,  also  typical  saussuri- 
tization  of  the  more  basic  varieties,  with  formation  of  zoisite,  epidote 
and  sericite.  Poikilitic  and  micropoikilitic  structures  are  some- 
times seen. 

In  some  of  the  basic  gneisses  which  may  possibly  have  resulted 
from  the  metamorphosis  of  a  basic  irruptive  the  feldspar  is  frequently 
very  clear  and  glassy,  with  numerous  unstriated  grains  which  are, 
however,  probably  plagioclase.  It  is  somewhat  difficult,  in  such  cases, 
to  distinguish  between  the  glassy  feldspar  and  the  quartz. 

Biotite. — This  is  by  far  the  most  abundant  ferro-magnesian  consti- 
tuent of  the  granitic  and  syenitic  gneisses,  and  also  enters  quite 
freely  into  tke  composition  of  the  basic  varieties.  The  primary  biotite 
occurs  in  two  forms,  as  large  broad  plates  aggregated  together,  and 
as  isolated  smaller  plates  having  a  general  parallel  arrangement  in 
the  rock. 

Crystals  with  perfect  crystal lographic  boundaries  were  not  observed. 
Mechanical  deformations  of  the  plates  are  well  seen  in  rocks  which 
thow  the  general  effects  of  dynamic  action- 
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In  most  instances  it  is  remarkably  fresh  and  is  intimately  asso- 
ciated with  epidote,  large,  fresh,  isolated  crystals  of  which  are  fre- 
quently enclosed  in  the  unaltered  biotite.  In  colour  it  is  usually  a 
deep  reddish-brown,  in  some  cases  inclining  to  a  copper-red,  and  is 
very  strongly  pleochroic,  from  pale  straw-yellow  to  a  deep  reddish- 
brown.  When  more  or  less  altered  to  chlorite  it  assumes  various  tints 
of  green. 

Occasionally,  in  the  hornblende-granite-gneisses  and  diorite-gnei8se9, 
it  is  intimately  associated  with  the  hornblende.  In  those  rocks  which 
contain  both  micas  the  biotite  and  muscovite  occur  intergrown  with 
each  other,  the  plates  of  each  variety  being  sharply  defined. 

Frequently,  however,  by  a  leaching-out  process,  the  iron  has  been 
so  far  removed  from  the  biotite  as  to  cause  it  to  assume  a  very  light 
colour;  indeed  in  some  sections  it  is  difficult  to  determine  whether 
certain  individuals  are  to  be  regarded  as  bleached  biotite  or  as  original 
muscovite. 

In  addition  to  the  biotite,  whioh  is  of  undoubted  primary  origin, 
little  scales  of  secondary  biotite  may  often  be  observed  developed  along 
shear-planes  in  certain  of  the  greatly  crushed  and  stretched  gneisses. 
The  biotite  holds  numerous  inclusions  of  apatite,  zircon,  &c,  which 
are  commonly  surrounded  by  dark,  pleochroic  halos. 

Hornblende. — This  appears  to  be  a  comparatively  rare  mineral  in 
those  granitic  and  syenitic  gneisses  which  have  been  examined  from 
this  region.  In  two  instances  it  is  tolerably  abundant,  but  in  most 
cases  where  it  has  been  observed  only  one  or  two  minute  grains  could 
be  detected  in  a  single  thin  section  of  the  rock. 

In  the  basic  or  dioritic  gneisses  it  is,  of  course,  a  very  abundant 
mineral.  In  these  rocks  it  occurs  as  the  compact  variety  chiefly, 
actinolitic  forms  being  rare.  It  forms,  as  a  general  rule,  rather 
irregular  individuals  aggregated  together,  although  occasionally  some 
may  be  seen  having  well  denned  crystallography  boundaries. 

It  possesses  good  cleavage  and  is  very  strongly  pleochroic.  The 
absorption  is  usually  t  >  h  >  a  generally  a  —  greenish  yellow^ 
=dark  yellowish  green,  and  f  =  deep  bluish-green.    Twinning  is  a 
common  feature  of  the  mineral. 

The  hornblende  is  always  intimately  associated  with  the  biotite  and 
epidote  when  these  latter  minerals  are  present  in  the  rock.  In  several 
instances  the  extinction  angle  was  measured  and  found  to  vary  from 
17i°  to  19°. 

Inclusions  of  feldspar,  quartz,  zircon,  apatite,  titanite,  &c,  are  very 
common  and  are  frequently  arranged  in  such  a  manner  as  to  give  to 
the  hornblende-gneiss  a  typical  micropoikilitic  structure.    Plate  II., 
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Fig.  1.  As  in  the  case  of  the  biotite  the  inclusions  of  apatite  and 
zircon  are  often  surrounded  by  well  defined  pleochroic  halos.  Alter- 
ation to  chloritic  and  epidotic  material  was  observed,  accompanied 
by  the  deposition  of  carbonates. 

No  instances  of  augite  cores  occurring  in  the  hornblende  were 
noticed,  nor  any  direct  evidence  of  the  latter  mineral  having  origin- 
ated from  the  former;  although  in  some  few  instances  this  might  be 
suspected  from  the  fact  that  the  interior  of  the  crystal  is  of  a  paler 
colour  than  the  exterior  portion. 

Epidote. — Next  to  the  biotite  this  is  by  far  the  most  abundant  of 
tho  coloured  constituents  of  the  granitic  gneisses,  and  it  also  enters 
largely  into  the  composition  of  the  more  basic  homblendic  ones.  In 
addition  to  the  ordinary  occurrence  of  the  epidote  as  an  alteration 
product  we  have  also  the  strongest  evidence  that  it  exists  in  a  large 
number  of  cases  as  an  original  and  important  constituent  of  the  rock 
mas9. 

The  manner  in  which  tho  perfectly  fresh  crystals  possessing 
sharply  defined  outlines  occur,  enclosed  by  wholly  unaltered  biotite 
in  rocks  which  have  been  subjected  to  only  a  slight  degree  of  pressure, 
admits  of  no  reasonable  doubt  as  to  their  primary  nature.  An  inspec- 
tion of  the  accompanying  plate,  (Plate  II.,  Fig.  2),  will  bring  this 
point  out  very  clearly.  The  mineral  is  usually  of  a  bright  yellow 
colour,  very  strongly  pleochroic,  and  possessing  the  usual  high  relief 
and  brilliant  polarization  colours,  except  in  sections  parallel  to  the 
orthopinacoid,  which  exhibit  bluish  and  yellowish  tints  between 
crossed  nicols.  It  occurs  both  in  crystals  and  irregular  grains,  the 
former  often  having,  as  already  stated,  very  sharply  defined  outlines. 

The  corrosion  phenomena  noted  by  Dr.  Adams  in  epidote  from  the 
Yukon  river*  are  shown  to  perfection  in  some  of  the  individuals.  The 
crystal  sections  are  usually  bounded  by  the  prism  planes  M,  r,  and  T. 
Good  cleavages  were  observed  parallel  to  M  and  T,  the  angle  between 
them  being  about  115°. 

Twins  are  of  common  occurrence.  The  crystals  occasionally  contain 
cores  of  a  pleochroic  brownish  substance  which  is  probably  allanite, 
but  no  thoroughly  typical  examples  of  that  mineral  were  detected. 

Nondescript  cores,  which  may  represent  augite  surrounded  by 
rims  of  epidote,  were  oocauionally  seen  in  the  thin  sections.  Secon- 
dary epidote  frequently  occurs  in  the  groundmass  of  the  more  altered 
rocks,  associated  with  chlorite,  as  the  result  of  the  mutual  reaction  of 
the  feldspars  and  bisilicates.  It  also  forms  small  crystals  and  gra- 
nules in  the  decomposing  feldspars,  together  with  zoisite,  sericite  and 

•Can.  Rec.  8c.  vol.  IV..  pp.  344-358,  1890-M.  also  Annual  Report  Oeol.  Surv. 
Can.,  vol.  in.  (N.S.),  Part  I.  Appendix  V  (N.8.),  p.  237  B.r  1887-88. 
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carbonates,  as  one  of  the  products  of  their  saussuritization.  Many- 
cases  occur  in  highly  granulated  rocks  where  it  is  almost  impossible 
to  say  what  is  primary  and  what  secondary  epidote.  Frequently, 
however,  in  rocks  which  have  suffered  extreme  crushing  and  are 
filled  with  secondary  epidote  granules,  large  epidotes  may  be  observed 
broken  and  faulted  like  the  other  constituents,  proving  that  they 
existed  before  the  rock  was  subjected  to  the  dynamic  action. 

Muscovite. — Both  primary  and  secondary  muscovite  occur  in  these 
gneisses,  and  it  is  often  difficult  in  a  particular  instance  to  deter- 
mine to  which  of  these  two  classes  the  mica  is  to  be  referred.  Fre- 
quently broad  fresh  lamina?  of  muscovite  are  intimately  iutergrown 
with  deep-brown  fresh  biotite,  and  in  such  cases  are  undoubtedly  of 
primary  origin. 

The  variety  of  the  mineral  referred  to  here  is  muscovite  proper, 
occurring  in  broad  plates  or  lamina?,  as  distinguished  from  the  fine 
scales  of  sericite  resulting  from  the  alteration  of  plagioclase,  &c.  It 
possesses  the  usual  bright  polarization  colours  and  other  physical 
characters  common  to  the  species,  and  no  unusual  features  were 
observed  in  the  specimens  examined. 

Chlorite. — (Taken  as  a  general  group  name). — This  is  the  common 
alteration  product  of  the  biotite  and  hornblende  of  these  rocks.  It 
polarizes  in  the  usual  dull  bluish  tints. 

Many  of  the  gneisses  owe  their  green  colour  to  this  mineral,  which 
gives  them  a  very  deceptive  appearance,  acid  granitic  rocks  very  often 
closely  resembling,  at  first  sight,  some  massive  altered  basic  irruptive. 

Pyrite. — Is  of  common  occurrence  in  all  the  gneisses,  particularly 
in  the  more  basic  ones.  The  red  and  brown  oxides  of  iron  which  so 
frequently  stain  the  rocks  can  often  be  traced  to  this  source. 

Calcite. — This  mineral  is  abundant  where  alteration  of  soda-lime 
feldspar  has  proceeded  to  any  extent.  In  such  cases  it  forms  large, 
irregular,  brilliantly  polarizing  patches  throughout  the  thin  section. 

Its  abundance  in  some  specimens,  e.  g.,  in  the  hornblende-granite- 
gneiss  from  the  south  end  of  Opimika  narrows,  is  rather  remarkable, 
as  this  rock  does  not  seem  to  have  been  greatly  altered.  In  such 
instances  it  may  possibly  be  of  primary  origin. 

Sericite.— This  is  an  abundant  product  of  the  saussuritization  of 
the  feldspars,  forming  fine,  brilliantly  polarizing  scales,  intimately 
associated  with  zoisite,  calcite,  &c.  Some  of  the  material  referred  to 
as  sericite  in  the  description  of  these  rocks  may  possibly  be  talc, 
as  it  is  difficult  to  distinguish  between  these  two  minerals  under  the 
microscope. 
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Apatite. — This  mineral  is  of  frequent  occurrence  in  the  acidic  and 
basic  gneisses.  It  is  mostly  in  the  form  of  stout  and  short  or  long 
and  slender  prisms,  but  grains  with  extremely  irregular  and  more  or 
loss  rounded  outlines  also  occur.  The  large  stout  prisms  are 
especially  characteristic  of  the  diorite-gneisses. 

Titanite  (Sphene). — Remarkable  crystals  of  this  mineral  were  ob- 
served in  some  of  the  rocks  examined.  They  are  of  unusually  large 
size,  deep  clove-brown  in  colour,  and  intensely  pleochroic,  and,  as  is 
usual  in  such  dark-coloured  varieties,  exhibit  their  brilliant  inter- 
ference colours  to  perfection.   Twinning  was  frequently  observed. 

The  mineral  is  especially  abundant  in  those  rocks  in  whose  com- 
position hornblende  occupies  a  prominent  place.  It  occurs  in  irregular 
grains  of  varying  size,  as  well  as  in  the  well  formed  crystals  just 
mentioned.  Little  crystals  were  observed  penetrating  the  epidote 
crystals  and  also  included  in  hornblende  and  biotitc.  It  frequently 
forms  fine-grained  granular  aggregates  of  considerable  size,  and  is 
present  in  nearly  all  the  rocks  described,  both  basic  and  acidic- 
Zircon. — This  mineral  is  also  of  widespread  occurrence  in  the 
gneisses.  The  crystals  are  usually  well  developed,  and  often  of  large 
size.  When  embedded  in  the  biotite  or  hornblende  it  is  usually  sur- 
rounded by  a  pleochroic  halo. 

Garnet. — This  is  by  no  moans  as  abundant  a  constituent  of  the 
gneissic  rocks  of  this  region  as  was  formerly  supposed,  although  in 
certain  localities  it  is  extremely  plentiful.  It  occurs  in  the  granitite- 
gneiss  containing  cyanite,  and  also  in  several  of  the  more  or  less 
altered  basic-gneissic  hornblende  rocks.  It  is  usually  in  fresh  irregu- 
lar grains  and  aggregates,  frequently  of  large  size,  much  fractured, 
and  of  a  light  pinkish  colour  in  thin  sections.  The  optical  anomalies 
which  have  elsewhere  been  frequently  noted  were  not  observed  in  the 
present  instances,  all  the  grains  appearing  to  be  completely  isotropic. 
Distinct  crystals  were  very  rarely  seen. 

Magnetite—  As  stated  elsewhere  the  scarcity  of  iron  ore  in  the 
granitic  gneisses  is  a  remarkable  feature  in  their  composition.  In  a 
few  instances  isolated  grains  were  tested  and  found  to  be  magnetic. 

Hematite.— This  is  frequently  present  in  the  form  of  thin  plates 
with  hexagonal  outlines,  and  in  irregular  scales.  It  is  often  developed 
along  the  cleavage  planes  of  the  biotite. 

Ilmenite.— Generally  speaking  this  is  the  iron  ore  which  is  present 
in  the  diorite-gneisses,  and  is  almost  invariably  accompanied  by  its 
alternation  product,  leucoxene.  It  may  be  regarded  as  one  of  the 
essential  ingredients  of  these  rocks.   The  peculiar  brownish  tints  so 
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often  seen  in  the  plagioclase  are  probably  very  often  due  to  dust-like 
particles  of  this  mineral  included  in  them. 

Leucoxene. — This  is  always  an  alteration  product  of  titanic  iron 
ores  or  rutile.  The  grains  of  ilmenite  are  sometimes  completely  re- 
placed by  whitish  or  yellowish  almost  opaque  masses  of  this  mineral. 
A  peculiar  cross-hatched  structure  was  sometimes  observed,  probably 
due  to  sagenitic  growth  of  rutile  which  previously  existed  in  the 
ilmenite  individual  from  which  the  leucoxene  was  derived. 

Limonite. — The  irregular  deep-brown  stains  which  frequently  per- 
meate the  various  minerals,  especially  the  feldspars,  are  probably  in 
most  cases  due  to  the  presence  of  this  mineral. 

Zoitite. — Accompanies  epidote  as  the  result  of  saussuritization  of 
the  feldspars,  usually  in  quite  small  individuals  which  present  no 
unusual  features. 

Talc. — In  a  few  of  the  more  squeezed  and  altered  gneisses  scales 
were  observed  which  seem  to  correspond  in  their  general  characters 
with  this  species,  as  distinguished  from  sericite,  but  it  is  difficult  to 
discriminate  between  these  two  minerals. 

Tourmaline. — Two  or  three  columnar  strongly  pleochroic  indi- 
viduals of  this  mineral  were  observed  in  one  of  the  gneisses  examined. 

Allanite. — Whilst  not  particularly  abundant  many  good  examples 
of  this  mineral  were  observed,  more  especially  in  those  granite- 
gneisses  in  which  idiomorphic  primary  epidotes  are  plentiful.  It 
occurs  in  the  reddish-brown  pleochroic  individuals  in  the  centres  of 
epidote  crystals  with  which  it  is  in  parallel  orientation.  These  occur- 
rences are  of  precisely  similar  character  to  those  described  by  Ilobbs 
in  the  Maryland  granites. 

Rutile. — This  mineral  was  observed  in  a  few  instances  in  the  form 
of  very  minute,  slender  needles  penetrating  the  biotite. 

Cyanite. — Occurs  in  rather  short  flat-bladed  crystals,  which  rarely 
show  sharply  denned  faces  in  the  prism  zone,  commonly  forming 
irregular  columnar  individuals.  A  few  of  the  smaller  crystals  show 
terminations,  but  with  very  rough  faces. 

The  colour  is  usually  light-bluish  or  greenish,  but  occasional 
crystals  show  a  deep  blue  centre  with  a  white  margin.  Some  indi- 
viduals measure  half  an  inch  across  and  an  inch  in  length.  It  is  best 
developed  in  those  portions  of  the  rock  which  are  free  from  biotite, 
and  consequently  of  a  lighter  colour.  In  the  darker  portions  of  the 
rock  it  is  frequently  intergrown  with  the  biotite.  The  individuals 
are  often  bent  and  hold  many  inclusions,  particularly  of  pyrite, 
biotite,  quartz  and  graphite. 
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Under  the  microscope  the  sections  are  transparent  and  generally 
colourless,  but  patches  of  a  light-blue  colour  occur  here  and  there. 
These  patches  exhibit  a  pleochroism  (light-blue  to  colourless)  which 
is  not  noticeable  in  the  colourless  portions  of  the  crystals.  The 
cleavage  parallel  to  M  and  T  does  not  traverse  the  entire  section  as  a 
rule.  In  longitudinal  sections  the  parting  parallel  to  P  is  also  clearly 
shown.  As  is  invariably  the  case  the  cyanite  is  accompanied  by 
garnet. 

Graphite. — This  mineral  occurs  in  some  quantity  in  the  cyanite- 
gneiss  in  the  form  of  irregular  flakes,  rarely  with  rude  hexagonal 
outlines.  A  few  flakes  were  observed  to  be  nearly  a  quarter  of  an 
inch  in  diameter. 

Fibrolite. — Only  a  few  specimens  of  the  cyanite-gneiss  were  col- 
lected from  the  cuttings  on  the  Canadian  "Pacific  railway  in  the 
vicinity  of  Les  Erables  rapids  and  Snake  creek,  on  the  Ottawa  river, 
and  these  show  no  fibrolite,  but  it  is  almost  certain  that  this  mineral, 
which  accompanies  the  cyanite  in  the  similar  rock  from  near  Wana- 
pitei  station,  will  be  found  associated  with  it  in  the  area. 

Augite. — This  mineral,  as  elsewhere  noted,  is  almost,  if  not  entirely, 
absent  from  those  gneisses  which  have  been  microscopically  examined. 
In  certain  specimens  a  few  skeleton  forms,  entirely  filled  with  altera- 
tion products,  were  observed,  which  may  originally  have  been  pyro- 
xene, but  this  is  by  no  means  proved.  The  hornblende  was  carefully 
examined  to  see  if  there  were  any  traces  of  pyroxene  cores  in  it,  but 
no  certain  evidence  of  this  was  obtained,  although  in  some  cases  it 
was  observed  that  the  exterior  of  the  hornblende  individual  was  of  a 
darker  colour  than  the  central  portion. 

ORENV1LLE  SERIES. 

The  -name  Grenville  Series  was  the  distinctive  title  applied  in 
1863*  by  Sir  William  Logan  to  the  series  of  crystalline  rocks  so 
extensively  and  well  exposed  in  the  region  on  the  north  side  of  the 
Ottawa  in  the  vicinity  of  the  Augmentation  and  village  of  Grenville. 
These  were  referred  to  as  Middle  Laurentian  and  supposed  to  con- 
formably overlie  the  Lower  Laurentian  or  Fundamental  Gneiss.  The 
rocks  thus  classified  comprise  a  great  variety  of  gneisses  with  which 
are  associated  considerable  volumes  of  crystalline  limestone,  and  a 
detailed  map  was  published  showing  the  distribution  of  the  com- 
ponent bands.*  Many  reasons  were  adduced  as  evidence  for  regarding 

•Geology  of  Canada.  (1863),  p.  839. 
•Atlas,  Geology  of  Canada,  (1863).  Map  No.  1. 
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the  whole  series  as  greatly  metamorphosed  sedimentary  strata.  These 
proofs  had  reference  chiefly  to  the  banded  or  foliated  character  of 
many  of  the  composing  masses,  believed  to  represent  the  surviving 
traces  of  the  parallelism  due  to  original  sedimentation,  the  presence 
of  large  and  important  beds  of  limestone,  together  with  the  occur- 
rence in  some  of  these  bands  of  forms  described  as  representing 
organisms  of  low  type.  Subsequent  examination  in  the  field,  supple- 
mented by  the  detailed  petrographical  studies  rendered  possible  by 
the  recent  perfection  of  the  microscopic  methods  of  research,  have, 
however,  revealed  the  fact  that  while  certain  of  the  fine-grained, 
light-greyish,  rusty-weathering  gneisses  are  closely  allied  in  structure 
and  composition  to  ordinary  shale  or  slate,  other  rocks,  representing  a 
very  much  greater  volume  of  the  whole  series,  are  undoubtedly  the 
foliated  equivalents  of  the  ordinary  plutonic  irruptives.f 

In  the  area  covered  by  the  accompanying  map-sheets  the  line  of 
subdivision  between  what  has  usually  been  regarded  as  Lower  Lauren- 
tian  and  the  Grenville  Series  was  described  by  Sir  William  Logan, 
in  1844,  as  occurring  somewhere  in  the  vicinity  of  the  Mattawa 
river.  The  supposed  line  of  boundary  was  based  on  the  occurrence  at 
certain  points  of  isolated  masses  of  crystalline  limestone,  but  these 
have  since  been  found  to  be  in  intimate  association  with  rocks  which 
are  believed,  with  some  confidence,  to  be  the  foliated  equivalents  of 
ordinary  granites  and  diorites. 

In  the  area  under  description  only  one  very  limited  occurrence  of 
the  fine-grained  and  evenly  banded  light-greyish  gneisses  usually 
associated  with  the  Grenville  series  was  noticed,  consisting  of  a  small 
band  interfoliated  with  the  ordinary  reddish  granite-gneisses,  a  little 
over  two  miles  east  of  Kutherglen  station  on  the  Canadian  Pacific 
railway.  The  strike  of  this  band  ia  about  N.  20°  W.,  with  a  dip  to 
the  northeast  at  a  high  angle.  The  hand  specimen  represents  a  fine- 
grained evenly  foliated,  rusty-weathering,  greyish,  graphitic  .gneiss. 
Under  the  microscope  it  is  a  fine-grained  admixture  of  interlocking 
grains  of  feldspar,  quartz,  and  a  rather  pale-coloured  bleached  biotite, 
together  with  smaller  quantities  of  pyrite,  graphite,  rutile,  and  a 
mineral  closely  resembling  zoisite  in  minute  crystals,  arranged  in 
nests  composed  of  aggregates  of  crystals  and  crystal  fragments  run- 
ning parallel  with  the  foliation.  The  rock  has  evidently  been  sub- 
jected to  intense  and  long  continued  dynamic  action,  the  foliation 
being  pronounced,  while  the  recrystallization  has  been  so  complete  as 
to  mask  much  of  its  original  structure.    It  bears  a  marked  micro- 


tAdams.  A  Further  Contribution  to  our  knowledge  of  the  Laurentian,  Am 
Journ.  Sci.,  July.  1895. 
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scopical  as  well  as  macroscopical  resemblance  to  the  sillimanite 
gneisses  described  by  Dr.  Adams  * 

The  most  important  band  of  crystalline  limestone  noticed  in  the 
whole  district  occurs  at  the  foot  of  Lake  Talon,  an  important  expan- 
sion of  the  Mattawa  river.  The  presence  of  this  band  was  first  noted 
by  Bigsbyf  in  1820,  and  later  in  1844  by  Logan.  Dr.  Bell,  in  1870, 
also  gave  a  short  description  of  its  mode  of  occurrence.^  The  rock 
consists  of  whitish  crystalline  limestone  with  small  thickly  dissemin- 
ated specks  and  patches  of  green  serpentine.  It  is  first  noticed  on  the 
south  side  of  the  lake  a  short  distance  above  the  outlet,  occupying  the 
points  along  the  shore,  while  the  massive  reddish  granitite-gneiss  rises 
into  rounded  hills  behind.  The  limestone,  as  far  as  can  be  ascer- 
tained on  account  of  the  massive  texture  of  the  gneiss,  occurs  as  an 
interfoliation,  dipping  S.  8°  E.  <  25.  Farther  down  towards  the 
chute  the  rock  contains  a  good  deal  of  serpentine  in  addition  to  some 
other  impurities,  and  occurs  seemingly  as  a  large  irregular  rounded 
patch  in  the  gneiss.  At  the  narrows,  a  short  distance  above  the  Talon 
chute,  the  contact  between  the  crystalline  limestone  and  massive 
rather  indistinctly  foliated  red  granite-gneiss  is  well  shown,  the  former 
dipping  N.  74°  E.  <  20°  while  the  latter,  with  a  nearly  east-and-west 
strike,  overtops  or  flows  over  the  mass  of  the  crystalline  limestone, 
the  indistinct  foliation  of  the  gneiss  conforming  in  general  with  the 
line  of  junction  between  the  two  rocks.   See  Fig.  1. 


Fio.  1. 


Sketch  section  showing  structure  of  crystalline  limestone  (a)  and  massive 
red  granite  gneiss  (b),  near  Talon  chute,  Mattawa  river. 

At  the  Talon  chute  there  are  two  channels  by  which  the  lake  dis- 
charges into  the  gorge  below.  The  largest  of  these  channels  is 
situated  near  the  north  side,  while  the  southern  one  has  been  exca- 
vated along  a  band  of  ophicalcite,  seventy  feet  in  thickness,  inter- 
calated with  the  gneiss  and  dipping  in  a  southerly  direction  <  25°. 

•Annual  Report,  Oeol.  Surv.  Can.,  vol.  VIII.  (N.S.),  Part  J. 

tShoe  and  Canoe,   vol.  I.  London,  1850. 

JReport  of  Progress,  Oeol  Surv.  Can.,  1876-77,  p.  207. 
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Smaller  bands  and  patches  of  crystalline  limestone  likewise  occur 
on  three  of  the  Manitou  group  of  islands  in  the  eastern  portion  of 
Lake  Nipissing.  On  the  west  side  of  the  most  southerly  of  these 
islands  beds  of  a  beautiful  light  salmon-pink  crystalline  limestone 
occur,  containing  radiating  crystallizations  of  dark-green  hornblende, 
black  biotite,  and  yellowish-green  epidote.  The  strike  is  about  N. 
80°  E.  and  the  angle  of  dip  is  about  65°.  This  is  associated  with  the 
prevailing  rather  fine-grained  dark-reddish  and  green  granitite-gneiss. 

On  the  east  side  of  the  Great  Manitou  island  (Newman  island),  a 
few  chains  south  of  the  northeast  point,  there  is  a  layer  or  bed  of 
pinkish  limestone,  weathering  yellow,  reddish  and  greyish.  The 
strike  of  the  dark-red  nnd  gToen  granitite-gneiss  is  about  S.  60°  E. 
and  the  dip  southeast  <  45°.  On  the  west  side  of  the  most  easterly 
of  the  Manitou  islands,  about  the  centre  of  the  island,  beds  and 
patches  of  pinkish  and  whitish  limestone  are  embedded  in  the  dark-red 
and  green  granitite  which  has  a  strike  of  S.  5°  E.  and  a  dip  to  the 
east  <  45°. 

HlROXIAN. 

The  name  Huronian  was  adopted  by  Sir  William  Logan  and  Dr. 
T.  Sterry  Hunt  in  1855*  to  include  the  clastic  rocks  believed  to 
overlie  the  Laurentian  gneisses  in  the  districts  adjacent  to  Lakes 
Huron  and  Superior. 

The  area  included  by  the  present  report  exhibits  large  tracts  of 
country  underlain  by  pyroclastic  and  epiclastic  rocks  identical  in 
lithological  character  with  those  described  as  Huronian  by  Murray  in 
1856.  It  forms,  in  fact,  the  northeasterly  extension  of  the  same  belt, 
which  has  been  traced  with  practical  continuity  from  what  is  gen- 
erally termed  the  1  typical '  area  on  the  north  shore  of  Lake  Huron. 
The  inclusion  of  these  rocks  under  the  name  'Algonkain,'  shows  a 
tendency  on  the  part  of  some  geologists  to  revert  to  the  erroneous 
grouping  of  Huronian,  Animike  and  Keweenawan  as  integral  por- 
tions of  a  single  system  or  series  of  formations,  in  spite  of  the  pro- 
nounced haitus  known  even  then  to  exist,  though  perhaps  not  appre- 
ciated to  its  full  extent  by  Sir  William  Logan.  As  has  been  pointed 
out  by  Dr.  Dawson  +  and  others,  the  proposed  use  of  the  term 
Algonkian  in  the  same  extended  sense  is  both  unnecessary  and  mis- 
leading, and  it  should  therefore  be  deprecated.  Its  adoption  disre- 
gards not  only  the  zealous  and  accurate  work  of  many  trained  ob- 
servers over  extended  areas  characterized  by  the  presence  of  these 

•Esqulsse  GSollglque  du  Canada.    Paris,  1866.  p.  29. 

tPrealdentlal  Address  to  the  Geological  Section,  B.A.A.S.,  Toronto  meeting. 
1897. 
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Archaean  rocks,  but  would  also  supplant  a  useful  and  well  known 
term,  of  which  the  priority  remains  unquestioned,  by  a  name  which 
is  at  once  needless  and  indefinite.  No  attempt  has  been  made  to  cor- 
relate the  rocks  here  described  as  Huronian  with  certain  series  or 
groups  which  have  been  lately  and  ably  reported  upon  under  the  new 
conditions  since  the  use  of  the  microscope  has  made  an  accurate  des- 
cription of  the  various  component  rock  masses  not  only  possible  but 
imperative.  It  is  also  regarded  as  premature  as  yet  to  anticipate  the 
results  of  further  and  more  complete  microscopical  and  stratigraph- 
ical  examinations  of  the  Huronian,  Grenville,  Hastings,  Keewatin 
and  Coutchiching  series. 

The  Huronian  rocks,  which  are  extensively  and  widely  developed  in 
the  northwestern  part  of  the  region  under  description,  naturally 
admit  of  a  three-fold  sub-division,  the  component  members  following 
one  another  in  undisturbed  succession,  each  showing  a  gradual  and 
perfect  transition  upward  into  the  succeeding  member.  The  rocks 
occur  for  the  most  part  in  slightly  undulating  anticlinal  and  syn- 
clinal folds,  except  in  the  vicinity  of  certain  large  irruptive  masses, 
where  considerable  disturbance  as  well  as  alteration  is  found  as  a 
result  of  their  intrusion.  At  the  base  of  the  series  is  a  breccia-con- 
glomerate, containing  pebbles  and  fragments,  often  angular,  though 
usually  subangular  or  rounded  in  outline,  of  granitite  diabase,  dio- 
rite,  etc.,  embedded  in  a  matrix  composed  of  the  same  materials  in  a 
finer  state  of  division,  while  the  more  minute  interstices  are  filled  up 
with  scales  and  flakes  of  chlorite  and  sericite.  Where  this  matrix 
forms  a  considerable  portion  of  the  rock  the  abundance  of  these  de- 
composition products  gives  a  prevailing  dark-green  colour  to  the 
whole  mass.  This  rock  has  in  previous  reports  been  referred  to  as 
'slate  conglomerate'  or  '  chloritic  slate  conglomerate,'  a  name  first 
proposed  and  used  by  Logan.*  This  coarse  fragmental  rock  passes 
upward  into  a  dark  greenish-grey  greywacke"  or  feldspathic  sandstone, 
in  which  few  if  any  fragments  are  macroscopically  apparent.  This 
in  turn  merges  above  into  an  exceedingly  compact  and  fine-grained 
rock  of  essentially  similar  composition,  which  gradually  assumes  a 
banded  and  slaty  character,  the  planes  of  cleavage,  when  present, 
corresponding  in  most  instances  with  the  evidences  of  original  sedi- 
mentation as  revealed  by  the  colour  stripings.  Superimposed  upon 
these,  usually  without  any  sharp  line  of  division,  although  at  times 
there  is  an  abrupt  change,  is  a  quartzite-grit,  made  up  chiefly  of 
fragments  of  granitic  quartz  with  some  of  feldspar,  all  usually  more 
or  less  rounded  and  continued  in  a  feldspathic  matrix,  now  largely 
altered  to  yellowish-green  sericite. 

•Report  of  Progress,  Oeol.  Surv.  Can.,  1845-46,  p.  67. 
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The  rock  is  generally  yellowish-green  in  colour  owing  to  the  abund- 
ance of  sericite,  the  scales  of  which  are  often  macroscopically  appar- 
ent in  the  matrix.  On  this  account  it  has  been  usual  to  refer  to  the 
rock  as  a  sea-green  quartzite.*  Occasionally  it  is  of  a  flesh-red  colour, 
when  it  ia  with  difficulty  distinguished  from  ordinary  granite.  It 
occurs  in  massive  much  jointed  beds,  the  stratification  at  times  being 
shown  only  by  a  parallel  disposition  of  certain  coarser  or  conglomer- 
atic bands.  It  is  occasionally  fine-grained  but  usually  approaches  the 
character  of  a  grit  or  fine  conglomerate. 

Until  very  recently  it  was  a  matter  of  general  belief,  based  on  pre- 
vious descriptions  and  reports,  that  the  source  of  such  clastic  ma- 
terial was  to  be  traced  to  the  breaking  down  of  the  gneissic  or  foliat- 
ed crystalline  rocks  usually  classified  as  Lower  Laurentian.  The 
writers  repeatedly  insisted  that  gneissic  pebbles,  distinctly  referable 
to  the  Laurentian,  formed  the  most  abundant  coarse  fragmentary 
me'erial  in  the  basal  beds  of  the  Huronian.  Later  geological  re- 
search in  this  and  neighbouring  Archaean  areas  has  shown,  however, 
that  such  statements  are  largely  erroneotis,  as  foliated  fragments  are 
only  very  occasionally  represented  and  in  most  cases  are  entirely 
absent,  while  those  of  a  somewnat  coarse-grained  aplitic  granite 
make  up  the  greater  portion  of  many  of  these  conglomeratic  rock 
masse*.  The  examination  likewise  of  the  line  of  junction  between  the 
gneisses  and  the  granites  constituting  the  Laurentian  of  this  dis- 
trict on  the  one  hand,  and  the  breccia-conglomerates  and  slates  of 
the  Huronian  on  the  other,  has  shown  that  the  former  were  in  a 
plastic  or  softened  condition  after  the  hardening  of  the  Huronian 
sediments.* 

Most  geologists  were  inclined,  despite  these  opposing  facts,  to  be- 
lieve that  the  Laurentian  gneisses  and  granites  constituted  the 
original  floor  or  basement  upon  which  the  Huronian  sediments  were 
deposited  and  from  which  their  material  was  derived.  The  present 
attitude  of  these  rocks,  moreover,  was  explained  as  due  to  the  insta- 
bility of  the  earth's  first-formed  crust  allowing  and  favouring  a 
settlement  of  any  overlying  clastic  material,  accompanied  as  it  must 
have  been  by  frequent  and  repeated  upwellings  of  the  molten  magma 
from  beneath.  These  unsettled  conditions  were  further  accentuated 
by  extensive  fracturing  and  crumpling  as  a  result  of  the  earth's 
secular  refrigeration,  all  combining  to  bring  about  the  conditions  and 
phenomena  now  witnessed  along  the  line  of  junction  between  the 
Laurentian  and  Huronian  rocks. 

Careful  search  has  been  made  for  localities  in  which  the  underly- 

•Vide  ante,  also  American  Geologist,  July,  1890.  pp.  19-32.  Bull.  Geol.  Soc. 
Am..  toI.  IV.,  pp.  313-332. 


Digitized  by  Google 


Barlow) 


HURON  I  AN" 


911 


ing  basement  might  have  escaped  this  seemingly  wide-spread  disturb- 
ance, but  apparently  in  vain.  Pumpelly  and  Van  Hise*  have  des- 
cribed what  they  have  called  a  basal  conglomerate  reposing  upon  a 
fundamental  complex  of  crystalline  schists  and  granite,  as  exhibited 
on  two  small  islands  near  the  north  shore  of  Lake  Huron,  a  short 
distance  east  of  Thessalon,  Ontario.  A  difference  of  opinion,  how- 
ever, exists  concerning  the  interpretation  of  this  section,  and  the  fact 
that  the  granite  from  which  the  pebbles  in  the  conglomerate  are  be- 
lieved to  have  been  derived  pierces  and  alters  the  slaty  rock  overlying 
the  conglomerate,  seems  to  show  clearly  that  the  correlation  of  this 
granite  with  that  constituting  the  pebbles  in  the  conglomerate  is  de- 
cidedly at  fault.f 

In  spite,  however,  of  the  generally  irruptive  character  of  the  line  of 
junction  between  the  Laurentian  and  Huronian,  it  was  confidently 
anticipated  by  even  those  who  believed  in  the  intrusive  character  of 
the  Laurentian  gneisses  that  in  some  place  an  undisturbed  contact 
would  be  ultimately  found.  The  detailed  geological  examination  of 
the  region  to  the  northeast  of  Lake  Huron,  carried  on  for  the  last 
ten  years  by  the  author  of  this  report,  has  furnished  abundant  proofs 
of  the  pyroclastic  character  of  the  rocks  composing  the  two  lower 
members  of  the  Huronian.  The  breccia-conglomerate,  greywacke-and 
slates  evidently  represented  the  graded  forms  resulting  from  the  con- 
solidation of  volcanic  ejectamenta  showered  out  and  spread  upon  the 
bottom  of  a  shallow  ocean,  and  there  somewhat  rounded  and  other- 
wise modified  as  a  result  of  aqueous  action.  In  many  cases,  however, 
these  rocks  are  so  intimately  associated  with  materials  resulting  from 
processes  of  ordinary  aqueous  erosion  and  deposition,  that,  in  most 
instances,  it  is  extremely  difficult  if  not  impossible  to  make  a  separa- 
tion. The  fragments  contained  in  the  breccia-conglomerato  are,  as 
has  been  shown,  composed  of  rocks  of  igneous  or  plutonic  origin  and 
in  no  way  distinctly  referable  to  any  Laurentian  strata  now  exposed 
at  the  earth's  surface  in  the  same  area,  while  the  frequent  intimate 
association  of  this  coarse  fragmental  rock  with  large  masses  of  dia- 
base, gabbro  and  granitite,  cannot  be  regarded  as  merely  accidental. 
The  earlier  part  of  the  Huronian  period  in  this  district  was  evidently 
a  time  of  intense  and  long  continued  volcanic  activity,  and  the  great- 
er portion  of  the  rocks  representing  this  lapse  of  time  are  pyroclastic 
in  character. 

True  sedimentation  on  a  large  scale  seems  only  to  have  been  usher- 
ed in  towards  the  close  of  the  period,  and  the  quartzite-grits  and  con- 

•Am.  Journ.  Scl..  III.  vol.  XLIII,  pp.  224-232.  March,  1892  ;  also  III.  vol. 
XXXIV.  1887.  pp.  207-216. 

tAtn.  Journ.  Scl..  III.  vol.  XLIV..  1892.  pp.  236-239  ;  al»o  Bull.  Qeol.  Soc.  Am. 
.vol.  IV.,  pp.  330-332. 
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gloraerates  prevailing  towards  the  summit  of  the  series  are  very 
typical  examples  of  epiclaatic  material. 

The  relations  found  to  exist  between  this  arkose  and  an  underlying 
fundamental  biotite-granite  or  granitite,  as  exposed  on  either  side  of 
Lake  Timiskaming  in  the  vicinity  of  Baie  des  Peres,  indicate  its  deri- 
vation to  be  a  result  of  the  disintegration  and  degradation  in  situ  of 
the  underlying  granite,  showing  a  gradual  and  uninterrupted  passage 
outward  and  upward  from  the  parent  mass.  The  nature  and  import 
of  this  passage  was  the  subject  of  an  illustrated  paper  prepared  by 
the  author  and  Mr.  W.  F.  Ferrier,  and  presented  at  the  Toronto  meet- 
ing of  the  British  Association  for  the  Advancement  of  Science  in 
August  1897.*  A  short  resume  of  the  interesting  phenomena  ob- 
served has  already  appeared  in  the  Geological  Magazine,!  but  the  de- 
tails, not  only  of  the  field  relations  of  these  rock  masses  but  also  of 
the  petrographical  examinations,  will  be  found  in  that  portion  of  this 
report  dealing  with  the  geological  description  of  Lake  Timiskaming. 
The,  relations  between  this  granite  and  arkose  are  of  rather  unusual 
scientific  interest,  showing  as  they  do  the  pre-Huronian  existence  of 
a  basement  or  floor  upon  which  these  sediments  were  laid  down  and 
which  in  this  portion  at  least  has  escaped  the  movements  to  which  the 
Laurentian  gneisses  have  been  subjected. 

The  petrographical  studies  undertaken  with  the  object  of  determin- 
ing the  origin,  composition  and  minute  structures  of  the  various  rock 
masses  making  up  the  bulk  of  the  Huronian  have  been  so  numerous 
and  detailed  that  it  is  impossible  in  the  present  report  to  give  at 
length  the  description  of  each  separate  slide,  especially  as  many  of 
these  prepared  from  specimens  obtained  at  widely  separated  localities 
were  afterwards  ascertained  to  represent  rocks  presenting  no  essential 
points  of  difference.  It  will,  therefore,  doubtless  be  found  sufficient  to 
give  a  general  description  of  each  of  the  three  members  constituting 
the  Huronian,  at  the  same  time  pointing  out  the  nature  of  the  transi- 
tional sequence  so  frequently  witnessed  from  one  rock  to  the  other. 

Breccia-conglomerate. 

The  rock  thus  designated  is  identical  with  the  '  slate  conglomerate ' 
or  '  chloritic  slate  conglomerate '  of  the  earlier  reports  of  the  Survey, 
described  by  Logan  as  following  the  Laurentian  orthoclase-gneiss  on 
Lake  Timiskaming.  The  new  name  as  proposed  is  preferred,  as  it 
indicates  at  once  what  is  now  confidently  believed  to  be  the  true 

•On  the  Relations  and  Structures  of  certain  Granites  and  Associated  Ar- 
koses  on  Lake  Timiskaming,  Canada,  Rep.  B  A  A  S..  Toronto.  1897,  pp.  656-660. 

tGeol.  Ma«..  New  Series,  Decade  IV.,  vol.  V..  No.  1,  pp.  39-41.  January. 
1896. 
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nature  and  origin  of  the  large  and  important  rock  masses  to  which  it 
is  applied.  This  rock,  especially  where  the  finer  matrix  is  abundant-, 
is  usually  of  a  dark-greenish  or  greenish-grey  colour,  the  colour  deep- 
ening in  proportion  to  the  quantity  of  the  greenish  decomposition 
products  which  may  have  been  developed.  The  immediate  outer  coat- 
ing weathers  from  yellow  through  brown  to  almost  black,  although 
certain  surfaces  not  exposed  to  the  continued  action  of  the  atmos- 
phere retain  a  light  olive-green  appearance.  Beneath  this  dark  outer 
surface  is  a  layer,  usually  about  one-eighth  of  an  inch  in  thickness, 
composed  of  pale-yellowish  decomposed  material  which  evidently  re- 
presents the  usual  saussuritic  products  resulting  from  the  alteration 
of  the  large  quantity  of  feldspar  present  in  the  rock.  As  a  rule  the 
rock  is  extremely  massive,  showing  little  or  no  evidence  of  lamination 
or  stratification,  while  the  coarser  fragmental  material  is  arranged 
in  such  a  heterogeneous  manner  that  it  is  exceedingly  difficult  to 
ascertain  with  any  degree  of  certainty  either  the  angle  or  direction  of 
dip.  Sometimes,  however,  it  has  a  slaty  or  foliated  structure  as  a  re- 
sult of  pressure,  and  this  is  in  most  cases  the  only  structural  feature 
discernible.  These  planes,  which  evidence  intense  and  long  con- 
tinued pressure,  are  inclined  usually  at  very  high  angles,  the  strike 
corresponding  in  direction' with  the  line  of  outcrop  of  neighbouring 
intrusive  masses,  while  the  irregular  curving  lines  of  foliation  pro- 
duced by  the  unequal  resistance  to  pressure  simulate  in  a  most  mark- 
ed manner  the  uneven  lamination  resulting  from  original  bedding. 
It  is,  therefore,  not  surprising  that  in  many  descriptions  of  exposures 
of  similar  rocks  such  a  structure  has  been  repeatedly  mistaken  for 
stratification,  the  descriptions  asserting  the  frequent  and  usual  highly 
tilted  character  of  these  rocks. 

Although  the  slaty  cleavage,  especially  in  the  upper  portion  of  this 
rock,  occasionally  corresponds  with  the  original  stratification,  there 
is  no  necessary  connexion  between  the  two.  The  hardness  of  this 
rock  varies  widely,  the  least  altered  or  more  quartzose  varieties  being 
exceedingly  hard,  while  those  exposures  in  which  a  large  amount  of 
chlorite  and  other  greenish  decomposition  products  have  been  devel- 
oped are  so  soft  that  they  can  be  readily  scratched.  Both  as  a  massive 
rock,  and  in  its  more  imperfect  forms  of  slaty  structure,  it  exhibits 
the  character  of  a  conglomerate,  carrying  fragments  of  various  irrup- 
tive  material  which  vary  in  size  from  the  smallest  pebble  to  some 
boulders  a  foot  or  even  more  in  diameter.  In  some  localities  the 
rock  is  so  full  of  these  fragments  that  very  little  of  the  finer  inter- 
stitial matrix  is  apparent,  while  in  other  places  only  an  occasional 
one  is  found.  Usually  the  fragments  are  more  or  less  perfectly 
rounded;  often  they  are  subangulnr,  while  in  some  outcrops  these 
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larger  individuals  present  sharp  and  often  re-entering  angles.  The  . 
breccia-conglomerate  presents  all  the  characteristics  usually  assigned 
to  a  rock  resulting  from  the  consolidation  of  an  ordinary  littoral 
deposit  derived  from  the  breaking  down  of  an  area  of  irruptivc  rocks 
of  both  acidic  and  basic  composition.  The  wide  area,  however,  over 
which  the  rock  is  distributed,  the  composition  and  outline  of  many 
of  the  larger  individuals,  as  well  ns  the  frequent  intimate  association 
with  largo  masses  of  diabasic  and  gabbroic  rocks,  are  incompatible 
with  such  an  interpretation  of  the  manner  of  its  formation. 

It  is  often  exceedingly  difficult  to  distinguish  between  true  con- 
glomerates or  those  representing  the  solidification  of  extremely  local 
shore  deposits  and  agglomerate-breccias  which  may  have  a  much 
more  widespread  distribution,  but  in  some  instances  the  most  typical 
conglomerate  phase,  containing  perfectly  rounded  and  seemingly 
waterworn  fragments,  has  been  traced  directly  and  continuously  into 
areas  in  immediate  conjunction  with  the  parent  masses  where  the 
contained  fragments  show  no  sign  whatever  of  aqueous  abrasion,  the 
rock  being  a  typical  breccia.  Many  of  the  fragments,  moreover,  are 
composed  of  material  which  has  probably  been  derived  fr6m  beneath 
as  a  direct  result  of  violent  explosive  action,  as  they  cannot  possibly 
be  connected  with  any  rock  present  p.t  the  surface  in  the  region  ad- 
jacent to  these  exposures. 

The  finer-grained  portion,  or  matrix,  of  the  least  altered  phase  of 
this  rock,  possesses  a  rather  typical  clastic  structure,  although  many 
of  the  fragments  are  often  so  irregular  and  angular  in  outline  as  to 
indicate  clearly  that  they  have  not  suffered  the  rounding  or  tritur- 
ation to  the  extent  that  ordinary  elastics  of  this  kind  exhibit.  .The 
rock  is  seen  to  consist  mainly  of  granitic  debris,  the  majority  of  the 
fragments  being  simple  minerals;  although  coarser  phases  show  oc- 
casional composito  rock  individuals.  The  minerals  usually  noticed 
are  orthoclase,  plagioclase,  and  more  rarely  microcline,  embedded  in 
a  still  finer-grained  ground-mass  of  these  same  constituents,  together 
with  chlorite,  sericite,  epidotc  and  zoisite,  and  occasional  granules 
and  broken  crystals  of  zircon,  sphene  and  apatite.  Biotite  and  more 
rarely  hornblende,  both  largely  altered  to  chlorite,  may  also  be  some- 
times distinguished,  but  fresh  individuals  belonging  to  these  species 
are  rather  uncommon.  Pyrite  is  a  very  frequent  and  often  extremely 
abundant  constituent,  distributed  through  the  rock  in  irregular  grains 
and  masses,  but  sometimes  also  in  brilliant  and  well  striated  cubes. 
In  many  instances  it  may  be  noticed  in  various  stages  of  its  decom- 
position to  hydrated  oxide  of  iron  or  limonite.  Ilmenite  is  likewise 
very  often  present,  both  in  grains  and  crystals,  usually  more  or  less 
altered  to  leucoxene,  and  occasionally  exhibiting  the  characteristic 
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'gridiron'  form  of  this  decomposition.  Magnetite  in  black  opaque 
particles  and  crystals  is  also  rather  commonly  represented.  In 
several  instances  broken  fragments  of  crystals  of  tourmaline,  show- 
ing the  intense  dichroism  peculiar  to  this  mineral,  were  detected. 
Occasionally,  also,  carbonate  of  lime  is  present  as  a  secondary  pro- 
duct of  decomposition. 

The  quartz  is  usually  in  clear  more  or  less  rounded  areas  and  is  the 
ordinary  granitic  variety.  It  frequently  shows,  in  a  somewhat  pro- 
nounced degree,  the  uneven  or  undulous  extinction  due  to  pressure. 
Some  of  the  feldspar  fragments  are  rather  fresh  and  glassy,  but  most 
of  the  individuals  show  incipient  alteration,  consisting  of  a  some- 
what marked  turbidity  arising  from  the  development  in  them  of  the 
various  products  of  decomposition  to  which  the  name  saussurite  has 
been  applied.  Most,  if  not  all,  of  the  sericite  present  in  the  rock  has 
been  derived  from  the  alteration  of  the  feldspar,  especially  of  the 
more  minute  fragments,  many  of  these  present  in  the  finest  ground- 
mass  being  wholly  decomposed  to  this  form  of  hydrous  mica,  together 
with  epidote  and  zoisite.  Fragments  of  feldspar  showing  microper- 
thitic  intergrowth  are  rather  abundant.  By  far  the  greater  propor- 
tion of  the  chlorite,  which  is  almost  invariably  present,  has  resulted 
from  the  decompocitiou  of  biotite,  although  some  may  have  been  de- 
rived from  hornblende  originally  present.  The  sericite  occurs  for  the 
most  part  in  the  minute  scales  or  matted  aggregates,  although  occa- 
sionally in  large  plates  which  are  sometimes  mncroscopieally  ap- 
parent. The  mineral  varies  from  colourless  to  pale  yellowish-green, 
showing  brilliant  chromatic  polarization  between  crossed  nicols. 
The  chlorite  and  sericite  usually  serve  as  a  finer  interstitial  cement 
filling  in  the  spaces  between  the  quartz  and  feldspar  grains.  The 
epidote  and  zoisite  occur  in  irregular  granules  and  crystals,  the  form- 
er polarizing  in  brilliant  colours  while  the  latter,  which  is  usually  in 
more  perfect  crystals,  shows  the  deep  bluish  or  yellowish  colour  char- 
acteristic of  this  mineral  between  crossed  nicols.  As  a  rule  com- 
posite fragments,  made  up  of  two  or  more  mineral?  occupying  their 
original  positions  in  the  rock  from  whose  waste  they  were  derived,  are 
rarely  seen  in  this  finer  matrix,  but  with  a  progressive  increase  in 
coarseness  of  grain  such  fragments  gradually  appear.  As  a  rule, 
even  when  small,  th(*e  rock-fragments  possess  a  more  rounded  out- 
line than  individuals  made  up  of  simple  minerals  which  are  very 
frequently  quite  sharp  and  angular. 

In  this  matrix  or  ground-mass  just  described  are  embedded  frag- 
ments, pebbles  and  sometimes  even  boulders  of  biotite-granite  or 
granitite,  hornblende-granite,  diabase,  diorite  (?)  quartzite  and  fine- 
grained slaty  grejwacke  or  halleflinta-like  rock,  representing  an 


Digitized  by  Google 


96  I  NIPISSING  AND  TIMISKAMINO  REGION 

extremely  fine-grained  mosiac  of  feldspar  and  quartz.  Many  of  these 
larger  fragments,  as  is  usual  in  similar  squeezed  rocks,  are  surrounded 
by  a  rim  of  sericite  and  epidote,  while  occasionally,  where  the  mass 
has  been  subjected  to  intense  pressure  and  pronounced  pneumatolytic 
action,  as  on  Ko-ko-ko  bay  in  Timagami  lake,  the  whole  matrix  has 
been  altered  to  a  hydromica  schist  infiltrated  with  secondary  silica, 
while  the  pebbles  have  undergone  considerable  stretching  and  de- 
formation. Granitite  pebbles  and  fragments  are  by  far  the  most 
abundant  and  are  almost  invariably  present  where  outcrops  of  this 
rock  occur.  In  occasional  localities  individuals  of  diabase,  which  are 
next  in  point  of  general  abundance,  predominate  over  those  of  grani- 
tite. The  granitite  is  usually  of  a  distinct  flesh-red  or  pink,  some- 
times reddish-grey  and  occasionally  greyish  colour. 

It  is  commonly  rather  coarse  in  texture  and  more  rarely  pegmatitic. 
Macroscopically  it  shows  a  preponderance  of  pinkish  feldspar,  a  much 
less  proportion  of  greyish  translucent  quartz  and  a  sparing  quantity 
cf  a  greenish  ferro-magnesian  mineral.  A  section  prepared  from  one 
of  the  pebbles  obtained  from  an  exposure  on  Gull  Bock  islands  in 
Lake  Timiskaming  showed  the  rock  composing  it  to  be  greatly  de- 
composed, the  feldspar  turbid,  filled  with  sericite,  epidote  and  calcite, 
and  the  bisilicates  almost  entirely  altered  to  chlorite.  Orthoclase 
apparently  predominates,  but  plagioclase  is  abundant  and  microcline 
in  small  quantity  also  occurs.  The  quartz  is  the  ordinary  granitic 
variety,  full  of  inclusions,  and  while  possessing  a  somewhat  wavy 
extinction  does  not  show  much  further  evidence  of  having  been  sub- 
jected to  very  intense  dynamic  action.  A  few  little  areas  of  grano- 
phyre  were  noted.  The  ferro-magnesian  constituents  originally  pre- 
sent were  probably  both  biotite  and  hornblende,  btit  these  minerals 
have  been  so  completely  altered  to  chlorite  as  to  mask  their  true 
optical  characters.  The  former  mineral  doubtless  predominated.  The 
change  to  chlorite  has  been  accompanied  by  the  deposition  of  much 
secondary  magnetite.  Tlmenite  is  also  present  and  is  accompanied 
by  leucoxene,  while  apatite  is  abundant. 

The  diabase  fragments  so  frequently  present  are  usually  very  fine- 
grained, although  sometimes  so  coarsely  crystalline  that  the  ophitic 
structure  is  distinctly  discernible  to  the  unaided  eye.  Occasional 
pieces,  still  more  coarsely  crystalline  and  noncrystalline  in  structure, 
may  represent  altered  gabbros  or  diorites,  but  the  ferro-magnesian 
minerals  are  all  decomposed  to  chlorite.  These  pebbles  are  identical 
with  those  described  as  composed  of  a  '  greenish  feldspathic  rock '  in 
earlier  reports.  In  every  case  examined  they  were  found  to  be  much 
decomposed.  A  thin  section  of  a  fine-grained  pebble,  also  from  the 
Gull  Rock  island  in  Lake  Timiskaming,  shows  the  rock  to  have 
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undergone  great  alteration,  the  feldspar  being  saussuritized  and  the 
original  augite  decomposed  to  a  pale-greenish  chlorite.  In  spite, 
however,  of  this  advanced  alteration,  the  typical  ophitic  structure  of 
diabase  remains.  Occasionally  some  of  the  feldspar  has  a  broad 
tabular  habit  causing  the  rock  to  approach  the  gabbros  in  structure. 
The  irregular  areas  between  the  plagioclase  laths  are  filled  with  a 
felted  mass  of  pale  green  chlorite  scales.  Leucoxene,  resulting  from 
the  almost  complete  alteration  of  the  ilmenite  originally  present  in 
the  rock,  is  plentifully  scattered  through  the  section.  Other  sections 
examined,  belonging  to  much  coarser  grained  fragments,  were  of 
essentially  similar  composition,  revealing  the  same  advanced  altera- 
tion. The  laths  of  plagioclase,  decomposed  to  a  partially  opaque  grey 
saussuritic  mass,  penetrated  a  matted  aggregate  of  pale-green  chlorite 
scales  representing  the  allotriomorphic  areas  of  augite  originally 
present 

The  ilmenitite  has  wholly  disappeared,  to  be  replaced  by  opaque 
greyish  masses  of  leucoxene,  showing  the  characteristic  skeleton  forms 
produced  by  the  rhombohedral  parting.  Pyrite,  and  occasionally 
pyrrhotite  and  chalcopyrite,  are  constituents  of  these  diabasic  frag- 
ments and  pebbles. 

In  addition  to  these  pebbles  and  fragments  of  granitite  and  dia- 
base others  representing  a  greatly  crushed  and  stretched  feldspathic 
quartzite  were  noticed,  containing  also  sericite  and  chlorite.  Occa- 
sional fragments  of  a  rock  in  which  plagioclase  and  orthoclase  are 
porphyritically  developed  in  a  fine-grained  granular  quartz-feldspar 
groundmass  were  also  observed.  Besides  these  composite  pebbles 
there  are  very  often  fragments,  usually  sharply  angular  in  outline, 
of  both  feldspar  and  quartz,  which  when  present  alone  give  the  rock 
a  decidedly  porphyrite  appearance.  Some  of  these  pseudo-phenocrysts 
embedded  in  a  dark-green  chlorite  groundmass  were  examined,  the 
rock  thus  constituted  representing  the  'country-rock'  of  Wright's 
mine  on  the  east  side  of  Lake  Timiskaming.  Some  of  these  indi- 
viduals proved  to  be  feldspar,  chiefly  plagioclase,  which  have  a  broad 
tabular  habit  well  striated  and  very  turbid  owing  to  somewhat 
advanced  decomposition,  while  others  are  composite  fragments  of 
some  porphyritic  granitic  rock  with  the  large  crystals  of  well  striated 
plagioclase  surrounded  by  finely  granulated  quartz. 

As  will  be  seen  by  a  reference  to  the  accompanying  map  sheets,  this 
breccia-conglomerate  is  of  very  widespread  occurrence  in  this  district. 
On  Lake  Timiskaming  it  rises  into  hills  nearly  five  hundred  feet  in 
height,  in  thick,  almost  structureless  masses,  although  in  large  and 
well  exposed  sections  lines  which  evidently  represent  original  bedding 
may  be  distinguished.    The  total  volume  seen  cannot  be  much  less 
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than  six  hundred  feet,  which  perhaps  represents  the  greatest  thick- 
ness attained  by  this  rock,  although  the  conditions  under  which  it 
must  have  been  deposited  were  necessarily  so  unstable  that  at  no  place 
can  the  basement,  upon  which  it  originally  rested,  be  detected.  The 
present  nature  o£  its  contact  with  rocks  which  may  possibly  represent 
refused  portions  of  this  original  basement  shows  evidence  of  a  con- 
siderable sinking  down  of  the  mass  of  clastic  material  into  the  molten 
or  plastic  magma  beneath,  so  that  it  is  manifestly  impossible  to  state 
the  true  total  thickness  of  what  has  been  regarded  as  the  basal  mem- 
ber of  the  Huronian. 

This  breccia-conglomerate  passes  upward  into  a  dark-greenish  com- 
pact rock  closely  related  in  composition  with  the  finer  grained  portion 
or  matrix  of  the  much  coarser  fragmental  rock  beneath.  The  tran- 
sition upwards  consists  mostly  in  a  gradual  loss  of  the  larger  com- 
posite fragments. 

Although  in  certain  places  an  occasional  pebble  of  reddish  biotite- 
granite  may  be  noticed,  sections  of  this  fine-grained  and  compact 
greywacke"  or  feldspathic  sandstone  show  an  even-grained  mixture  of 
angular  and  subangular  fragments,  composed  chiefly  of  quartz  and 
orthoclase,  together  with,  usually,  a  small  portion  of  plagioclase. 
(Plate  II.,  Fig.  3).  Microcline  though  sometimes  present  is  of  rarer 
occurrence.  These  pebblee  are  embedded  in  a  much  finer  groundmass 
relatively  insignificant  in  quantity,  originally  feldspathic,  but  which  is 
now  composed  of  a  confused  aggregate  of  minute  scales  of  yellowish- 
green  sericite  arising  from  its  decomposition.  A  large  amount  of 
chlorite  is  present,  usually  disseminated  in  irregular  shreds  and  frag- 
ments, although  sometimes  also  forming  part  of  the  finer  interstitial 
material,  while  the  abundance  of  this  mineral  gives  the  prevailing 
greenish  tint  to  the  rock.  Epidote  and  zoitite  are  also  commonly 
abundant,  and  occasionally  calcite,  all  these  representing  secondary 
products  of  alteration.  Pyrite,  magnetite  and  ilmenite  are  also  very 
common  constituents,  the  last  mentioned  mineral  usually  showing 
somewhat  advanced  alteration  to  leucoxene.  Zircon,  sphene,  apatite 
and  brownish  dichroic  tourmaline  likewise  occur,  but  are  not  by  any 
means  abundantly  represented. 

In  ascending  this  rock  gradually  becomes  finer  grained,  at  the 
same  time  developing  a  marked  slaty  structure  parallel  to  certain 
colour  bands  which  represent  original  bedding.  This  slate,  or  slaty 
greywacke  as  it  may  be  called,  (for  in  places  large  masses  though 
exhibiting  the  colour  striping  are  altogether  devoid  of  any  structure 
except  that  produced  by  jointing),  varies  greatly  in  thickness,  and  in 
occasional  localities  is  not  represented  at  all.  The  high  hills  found 
on  the  northeast  corner  of  High  Rock  island,  as  well  as  on  the  west 
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side  of  Cross  bay  and  Sandy  inlet,  show  sections  over  a  hundred 
feet  in  thickness,  although  in  most  cases  the  rock  does  not  occur  in 
such  large  volume.  The  colours  occur  in  alternating  bands  showing 
a  gradation  from  one  to  the  other;  usually  of  different  shades  of 
green  with  sometimes  the  addition  of  reddish-brown  and  black,  thus 
producing  a  very  beautiful  striped  rock.  In  some  instances  certain 
beds  have  been  broken  up,  forming  an  autoclastic  rock,  which,  when 
recemented,  exhibits  a  beautiful  mosaic  of  irregular  though  angular 
fragments.  The  constituents  are  essentially  the  same  as  described 
above,  differing  only  in  their  finer  state  of  division.  The  fragments 
as  a  rule  show  little  or  no  evidence  of  water-action,  being  irregular 
and  sharply  angular  in  outline,  in  places  forming  an  interlocking 
mosaic  of  quartz  and  feldspar  grains,  some  of  which  have  evidently 
originated  in  situ,  while  other  portions  suggest  considerable  recrystal- 
lization  which  has  certainly  taken  place  in  some  instances. 

The  structure  in  occasional  instances  is  that  of  a  microgranite,  but 
usually  the  clastic  origin  is  at  once  brought  out  by  the  microscope. 
The  component  fragments  are  remarkably  uniform  in  size  and  closely 
compacted  together,  with  little  or  no  finer  interstitial  material,  while 
the  products  of  decomposition  such  as  chlorite,  epidote,  sericite  and 
leucoxene  are  partially  scattered  somewhat  promiscuously  through 
the  rock  in  the  form  of  irregular  grains  and  scales,  while  many  are 
arranged  in  a  more  or  less  definite  manner  in  irregularly  curving 
lines  or  areas. 

The  microscope  reveals  at  once  the  nature  and  difference  in  com- 
position of  the  colour-bands  that  so  frequently  characterize  the  rock. 
The  lighter  green  bands  show  a  prevalence  of  quartz  together  with  a 
less  proportion  of  feldspar,  the  latter  being  either  fresh  or  showing 
only  incipient  sericitization,  while  chlorite  and  iron  ore  are  only 
sparingly  represented,  if  at  all.  The  darker  green  bands,  on  the  other 
hand,  show  a  preponderance  of  feldspar,  much  of  which  has  undergone 
somewhat  extensive  saussuritization,  which,  together  with  chlorite, 
gives  the  prevailing  darker  green  shade  to  this  portion  of  the  rock. 
The  dark,  almost  black,  lines  or  stripings  are  seen  to  be  composed  of 
an  infinite  number  of  small  crystals  and  opaque  particles  of  mag- 
netite, together  with  a  much  larger  proportion  of  ilmenite,  which, 
despite  its  extensive  alteration  to  leucoxene,  retains  much  of  its 
original  dark  colour  and  opacity.  The  reddish-brown  stripes  are 
highly  feldspathic  in  composition  and  owe  their  colour  to  abundant 
disseminated  hydrated  peroxide  of  iron.  These  slates  evidently  in 
most  cases  represent  the  consolidation  of  what  must  once  have  been 
extensive  beds  of  volcanic  mud  or  ashes.  In  certain  instances,  as  on 
the  eastern  shores  of  Lady  Evelyn  lake  and  on  Turner  lake,  they 
4330-71 
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merge  into  coarser-grained  irregular  banded  or  foliated  tufaceous 
rocks,  which  occur  in  immediate  juxtaposition  with  large  plutonic 
m&sses,  while  in  other  cases,  as  on  the  east  shore  of  Lake  Timiskam- 
ing  to  the  north  of  Wright's  mine,  they  are  interbedded  with  coarse 
volcanic  breccias  or  agglomerates  made  up  of  diabasic  and  quartz- 
feldspathic  fragments  embedded  in  a  paste  composed  largely  of 
chlorite. 

In  ascending  this  rock  gradually  becomes  much  coarser  in  grain, 
finally  passing  into  a  quartzo-feldspatni.c  sandstone,  although  in  cer- 
tain places  the  latter  rock  was  occasionally  met  with  resting  directly 
upon  and  merging  downward  into  a  basement  composed  of  red 
granitite.  This  arkose  is  usually  rather  coarse  in  texture,  in  most 
places  showing  the  characters  of  a  grit,  while  certain  bands  or  por-  • 
tions  are  conglomeratic.  Many  of  the  larger  fragments  in  the  con- 
glomeratic phase  of  this  rock  represent  very  distinctly  rounded  or 
waterworn  pebbles,  the  largest  of  which  vary  from  an  inch  to  two 
inches  in  diameter.  These  are  composed  for  the  most  part  of  grey- 
ish-white, translucent,  often  much  fractured  quartz,  and  many  of 
them  are  surrounded  by  a  thin  film  of  oxide  of  iron.  Occasionally 
some  pebbles  of  red  quartz  are  present,  and  still  more  rarely  others 
representing  a  '  stretched '  feldspathic  quartzite.  Besides  these  there 
are  greenish,  greyish  and  pale-brownish,  usually  angular,  or  at  most 
subangular,  fragments  of  an  extremely  fine-grained  rock,  seemingly 
identical  in  composition  to  many  of  the  chalcedonic-like  fragments 
embedded  in  the  vitrophyre  tuff  described  by  the  late  Prof.  G.  H. 
Williams  from  Onaping.  Ont  *  Besides  these  there  are  small,  often 
angular  fragments  of  red  and  yellow  jasper  together  with  smaller 
pieces  of  both  reddish  and  greyish  feldspar.  These  are  embedded  in 
a  matrix  composed  largely  of  yellowish-green  sericite,  which,  on 
account  of  its  relative  abundance,  gives  the  prevailing  tint  to  the 
whole  rock.  The  rock,  as  has  been  stated,  represents  almost  altogether 
the  consolidation  of  true  detrital  material  derived  from  the  breaking 
down  of  granite,  a  portion  of  which  is  represented  by  exposures  cover- 
ing an  area  of  nearly  six  square  miles  in  the  vicinity  of  the  Old  Fort 
narrows  on  Lake  Timiskaming,  although  some  of  the  embedded  frag- 
ments are  rather  typical  of  volcanic  ejectamenta;  thus  evidencing 
the  continuance  of  the  explosive  activity,  though  with  much  dimin- 
ished violence,  which  characterized  the  earlier  portion  of  the  Huron- 
ian  period.  The  nature  and  detailed  description  of  the  passage  of  the 
biotite-granite  into  this  overlying  arkose  is  fully  discussed  in  the 


•Annual  Report.  Geol.  Surv.  Caa.,  vol.  V.  (N.S.).  Part  I,  1890-91,  p.  74  P. 
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geological  description  of  the  exposures  encountered  on  the  shores  of 
the  northern  part  of  Lake  Timiakaming. 

The  least  altered  form  of  this  rock  is  a  rather  coarse  arkose,  which 
upon  a  superficial  examination  bears  a  remarkably  close  resemblance 
to  an  ordinary  irruptive-granite.  The  constituent  grains,  mostly  an- 
gular in  outline,  consist  of  quartz,  orthoclase,  plagioclase  and  micro- 
line,  somewhat  closely  compacted  together,  with  a  very  little  interven- 
ing finer  feldspathic  material  which  is  undergoing  decomposition  to 
kaolin  and  sericite.  The  reddish  colour  is  imparted  to  the  rock  as  a 
result  of  the  abundance  of  ferric  hydroxide  which  fills  not  only  the 
minute  fissures  but  also  stains  the  larger  feldspathic  individuals. 
Other  varieties  which  show  no  great  degree  of  alteration  or  attrition 
and  assortment  through  aqueous  agencies  are  distinguished  macro- 
scopically  by  being  brownish,  pale-pinkish  or  greyish  in  colour. 

A  rather  typical  specimen  of  the  prevailing  greenish  variety  or  '  sea 
green  quartzite'  as  it  has  been  called,  obtained  from  a  point  on  the 
east  side  of  Lake  Timiskaming  (Boat-field  point)  about  half  a  mile 
east  of  the  Hudson's  Bay  Co.'s  old  post,  shows  the  rock  under  the 
microscope  to  have  originally  been  composed  of  feldspar  and  quartz. 
The  quartz  is  in  clear  colourless  fragments,  sometimes  with  tolerably 
even  outlines,  but  usually  presenting  very  irregular  ones,  and  the 
larger  fragments  are  often  made  up  of  several  interlocking  grains. 
The  feldspar  which  was  originally  present  is  now  almost  altogether 
converted  into  pale  yellowish-green  sericite  which  gives  to  the  rock 
its  prevailing  colour.  The  sericite  scales  are  usually  exceedingly 
minute,  but  occasionally  their  presence  can  be  detected  macroscopic- 
ally.  There  can  be  little  doubt  that  much  at  least  of  the  feldspar  has 
been  altered  in  situ.  This  alteration  of  the  feldspar  to  sericite  is 
shown  in  a  beautiful  manner  in  the  section.  It  has  left  very  irregu- 
larly shaped  cores  in  the  centre  of  the  feldspar  individuals.  The  field 
evidence  shows  in  the  mo9t  positive  manner  that  the  rock  has  had  a 
clastic  origin,  but  the  materials,  which  must  have  originated  in  the 
immediate  vicinity,  show  but  slight  evidence  of  having  been  water- 
worn. 

At  the  very  summit,  in  occasional  localities,  (as  on  the  west  side  of 
the  north  arm  of  Nonwakaming  lake,  as  well  as  near  High  pond  on 
Maple  mountain  to  the  west  of  Lady  Evelyn  lake),  this  reddish  or 
greenish  arkose  is  overlain  by  thick  massive  beds  of  whitish  or  grey- 
ish-white quartzite.  This  rock  is  made  up  of  angular  or  subangular 
fragments  of  ordinary  granitic  quartz  filled  with  the  usual  inclusions, 
rmbedded  in  a  finer  mosiac  composed  of  quartz  fragments  together 
with  sericite.  It  is  often  much  shattered  and  sheared,  the  sericite 
present  (and  which  is  most  abundant  along  the  planes  of  pressure- 
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cleavage)  being  the  result  of  intense  dynamic  action  on  the  feldspar 
originally  present.  This  arkose,  forming  the  topmost  member  of  the 
Huronian  in  this  district,  varies  greatly  in  thickness.  In  the  vicinity 
of  Lake  Timiskaming  hills  composed  of  approximately  horizontal 
strata  of  this  rock  rise  to  a  height  of  five  hundred  feet  above  the  lake, 
while  to  the  west  of  Lady  Evelyn  lake  and  forming  the  bulk  of  Maple 
mountain  the  total  thickness  represented  is  nearly  eleven  hundred 
feet. 

The  greatest  total  thickness  attained  by  the  Huronian  formation 
in  this  district  is  nearly  eighteen  hundred  feet,  made  up  roughly  as 
follows: — (1.)  Breccia-conglomerate  600  feet.  (2.)  Slates  and  slaty 
greywackes  100  feet.    (3.)  Quartzite  grit  or  arkose  1,100  feet. 

Diabase  and  Oabbro. 

Massive  rocks  of  both  the  di  a  basic  and  gabbro  types  are  frequently 
and  intimately  associated  with  both  the  epiclastic  and  pyroclastic 
rocks  of  the  Huronian.  Such  rocks  have  often,  in  fact,  been  included 
a£  part  of  the  Huronian  system,  although  they  appear  indeed  to  be 
practically  contemporaneous  in  origin  in  many  cases,  but  they  should 
not  be  counted  as  a  part  of  the  system  when  its  thickness  is  to  be 
ascertained.  These  basic  intrusives  apparently  represent  the  deeper 
seated  plutonic  action  connected  with  the  volcanic  outbursts  that 
gave  rise  to  the  ejectamenta  which  are  so  abundantly  represented. 

Many  of  the  masses  of  this  kind  are  intimately  associated  with,  and 
merge  gradually  into,  a  rather  typical  flesh-red  biotite-granite  or 
granitite,  while  several  of  the  exposures  are  pierced  and  traversed  by 
irregular  dike-like  forms  and  masses  of  pegmatitic  material.  This 
gradual  passage  into  granitite  can  be  directly  and  continuously  traced 
in  a  number  of  instances  in  single  outcrops.  The  most  reasonable 
assumption  is  that  all  three  rock-species,  diabase,  gabbro  and  granitite, 
represent  highly  differentiated  portions  of  the  same  magma  which 
have  solidified  at  temperatures  corresponding  with  their  composition. 

These  basic  plutonic  rocks  characterize  large  areas,  occurring  for 
the  most  part  as  a  series  of  irregular,  though  often  somewhat  rounded 
batholithic  masses,  which  send  off  large  arms  or  dikes  to  intersect  the 
neighbouring  stratified  rocks.  In  certain  localities,  as  on  the  south- 
west side  of  Round  lake  (Wawiagama)  a  little  beyond  the  western 
limit  of  the  Lake  Timiskaming  sheet,  as  well  as  at  Beaver  mountain, 
south  of  the  mouth  of  the  Montreal  river,  they  appear  to  represent 
the  consolidation  of  what  may  possibly  have  been  intruded  sheets  or 
sills  of  molten  material.  This,  however,  could  not  be  positively  ascer- 
tained, as  the  covering  of  clastic  rocks,  if  originally  present,  has  been 
removed  by  subsequent  denudation. 
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These  rocks;  in  the  area  here  considered,  usually  possess  a  medium 
texture,  although  in  many  instances  they  are  so  coarsely  crystalline 
that  most  of  the  principal  constituents  are  plainly  apparent.  In  gen- 
eral they  vary  from  greenish-grey  through  dark-green  to  almost 
black  in  colour,  although  in  many  of  the  coarser  phases  the  preval- 
ence of  feldspar  with  a  distinct  flesh-red  colour  gives  a  prevailing 
reddish  tint  to  the  whole  mass.  In  most  places  they  have  a  massive 
much  jointed  character,  and  this,  together  with  the  extensive  shearing 
action  to  which  these  rocks  have  been  subjected,  makes  it  exceedingly 
difficult  to  secure  even  a  hand  specimen  of  well  shaped  outline.  In 
occasional  localities,  as  at  Manitou  rock  on  the  west  side  of  Lake 
Timiskaming,  the  rock  shows  a  rude  columnar  or  basaltic  structure. 

Under  the  microscope  these  rocks  present  a  remarkably  uniform 
mineralogical  composition  in  the  several  separated  masses,  while  the 
specimens  obtained  almost  invariably  exhibit,  in  a  very  typical  man- 
ner, the  ophitic  structure  which  belongs  essentially  to  diabase,  although 
in  some  other  areas,  as  well  as  in  certain  portions  of  the  same  mass, 
it  sometimes  shows  the  noncrystalline  or  granitoid  structure  of 
gabbro. 

The  least  altered  variety  of  the  rocks  of  this  class  is  made  up 
essentially,  and  almost  wholly  of  plagioclase  and  augite,  the  former 
mineral  being  present  in  the  usual  idiomorphic  lath-shaped  indivi- 
duals penetrating  the  allotriomorphic  augite.  From  the  extinction- 
angles  the  plagioclase  is  near  the  basic  end  of  the  series — labradorite 
and  bytownite.  The  mineral  is  sometimes  rather  fresh  and  glassy, 
although  frequently  it  shows  a  marked  turbidity,  owing  to  the  develop- 
ment in  it  of  the  usual  saussuritic  products  of  decomposition,  while 
the  aguite,  which  when  fresh  is  of  a  distinct  reddish-brown  colour,  is 
as  a  rule  partially  decomposed  to  green  trichroic  hornblende.  A  few 
rather  broad  tabular  unstriated  individuals  of  feldspar  are  usually 
present,  and  may  possibly  represent  orthoclase.  Reddish-brown, 
strongly  pleochroic  boitite  is  found  in  irregular  plates,  but  not  in  any 
excessive  amount  Quartz  is  likewise  a  rather  constant  constituent, 
occurring  in  small  clear  irregular  areas  filling  in  the  lesser  inter- 
spaces between  the  feldspar  and  nugite.  The  ilmenite  present  very 
often  shows  the  characteristic  '  gridiron '  alteration  to  lucoxene.  In 
certain  instances,  as  at  Quinn  point  on  the  east  side  of  Lake  Timis- 
kaming, the  rock  has  undergone  considerable  decomposition,  the 
augite  being  completely  altered  to  green  trichroic  hornblende 
(uralite.) 

Most  of  this  uralite  is  the  usual  compact  dark-green  variety,  but 
gome  of  it  has  assumed  the  actinolitic  habit.  In  other  localities,  as  on 
the  Quinze  river,  the  diabase  has  undergone  still  more  advanced 
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alteration,  the  whole  rock-mass  being  converted  into  a  rather  typical 
hornblende-schist  or  amphibolite  as  a  result  of  intense  pressure.  Tra- 
ces of  an  ophitic  structure  still  remain,  showing  clearly  the  original 
character  of  the  rock,  although  in  places  this  is  masked  by  the  ex- 
treme deformation  to  which  the  rock  has  been  subjected.  The  process 
of  the  uralitization  and  decomposition  of  the  augite  is  very  interest- 
ing and  instructive,  showing  first  an  alteration  to  the  compact  green 
trichroic  variety  of  hornblende,  the  individuals  presenting  deap- 
coloured  borders  with  pale  "interiors.  This,  with  an  increase  in  de- 
formation, assumes  the  fibrous  or  actinolitic  habit,  which,  in  turn,  is 
decomposed  to  chlorite,  the  individuals  of  the  last-mentioned  mineral 
retaining  much  of  the  marked  pleochroism  of  the  hornblende.  Some 
of  the  plagioclase  seems  remarkably  fresh,  although  the  greater  pro- 
portion is  altered  to  opaque  greyish  masses  of  saussurite,  the  result- 
ing epidote,  zoisite  and  sericite  being  especially  abundant  in  tho?e 
portions  of  the  rock  which  have  yielded  most  to  pressure.  The 
ilmenite  originally  present  is  often  almost  wholly  converted  to  a 
brownish  sphene,  which  occurs  in  grains  or  aggregates  scattered 
through  the  rock.  9 

A  section  prepared  from  a  specimen  representative  of  a  small  ma^s 
of  highly  altered  gabbro  that  protrudes  through  the  breccia-con- 
glomerates and  slaty  greywacke  on  the  east  shore  of  the  southwest 
arm  of  Lake  Timagami,  shows  that  the  rock  is  now  composed  of  feld- 
spar, quartz,  pale-green  fibrous  chlorite,  biotite  and  zoisite.  The 
mutual  reaction  of  the  feldspathic  and  ferro-magnesian  constituents 
has  been  so  pronounced,  and  the  resulting  decomposition  products 
have  in  many  cases  wandered  so  far  from  their  former  positions,  that 
the  original  structure  is  to  a  certain  extent  masked.  Zoisite  is  i 
very  abundant  constituent  of  the  rock  as  an  alteration  product, 
occurring  in  irregular  grains  and  crystals.  Sphene  is  also  quite 
abundant  and  has  resulted  from  the  decomposition  of  ilmenite  ori- 
ginally present.  Small  cores  of  the  unaltered  ilmenite  still  remain. 
The  biotite  is  of  a  pale-brownish  colour  as  a  result  of  the  leaching 
out  of  a  portion  of  its  iron. 

The  rock  composing  the  upper  and  more  precipitous  portion  of 
Beaver  mountain,  or  the  '  King  of  the  Beavers '  as  it  is  sometime 
designated,  is  a  dark  greenish-grey  diabase,  in  which  the  ophitic 
structure  is  visible  to  the  naked  eye.  It  is  much  sheared  and  broken, 
the  planes  of  cleavage  and  jointing  being  plentifully  coated  with 
dark-greenish  minerals  belonging  to  the  chlorite  group.  Under  the 
microscope  the  rock  is  seen  to  be  composed  mainly  of  plagioclase  and 
augite.  The  plagioclase,  which  from  the  extinction-angles  is  near 
the  basic  end  of  the  series  (probably  bytownite),  is  usually  pretty 
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fresL,  but  some  of  the  individuals  are  rather  turbid,  owing  to  the 
presence  of  decomposition  products,  while  considerable  areas  are 
characterized  by  the  presence  of  light-greenish  sericite  and  yellowisn- 
green  epidote  and  zoisite  resulting  from  the  saussuritization  of  the 
feldspar  substance.  The  augite  is  as  a  rule  fresh  and  occurs  in  allot- 
romorphic  masses  pierced  by  the  laths  of  plagioclase.  It  is  reddish- 
brown  in  transmitted  light,  a  variety  frequently  met  with  in  dia- 
bases, and  many  of  the  individuals  are  characterized  by  the  presence 
of  innumerable  rod-like  interpositions  (schillerization  products.)  Fre- 
quently it  is  noticed  undergoing  incipient  alteration  to  compact  pale- 
green  trichroic  hornblende.  A  considerable  quantity  of  reddish- 
brown  biotite  is  present  in  irregular  plates  and  scales.  A  little 
quartz  was  also  noticed,  while  both  pyrite  and  an  opaque  iron  ore, 
probably  ilmenite,  are  present,  scattered  in  irregular  grains  through- 
cut  the  section.  Besides  these  comparatively  large  and  irreguliir 
areas  may  be  seen  composed  of  a  pale  yellowish-green  serpentinoua 
substance,  associated  with  secondary  calcite  and  often  dotted  with 
strongly  refracting  grains  and  elongated  fragments  of  epidote,  the 
whole  showing  aggregate  polarization.  Very  often  these  irregular 
masses  show  the  characteristic  net-like  structure  so  common  in  ser- 
pentine derived  from  the  decomposition  of  olivine,  although  the  small 
residual  cores  still  remaining  in  some  cases  have  a  lower  double 
refraction  than  is  usual  in  this  mineral. 

Besides  the  masses  above  referred  to,  which  are  so  intimately  asso- 
ciated with  the  elastics  of  the  Huronian,  there  are  also  similar  basic 
intrusives  incorporated  with  the  Laurentian  gneisses  and  granites, 
which  clearly  do  not  belong  to  the  same  magma  from  which  these 
latter  rocks  have  been  produced.  In  most  cases  these  appear  to  be  of 
earlier  generation  than  those  associated  with  the  Huronian,  although 
no  very  positive  statement  can  be  made  on  this  point.  The  gneiss 
in  immediate  conjunction  is  often  more  basic  and  hornblendic, 
seemingly  showing  a  commingling  by  actual  lusion  of  the  two  rocks 
along  their  line  of  junction. 

Outcrops  of  a  uralitic  diabase  marking  the  occurrence  of  a  small 
area  of  this  rock  were  noticed  apparently  cutting  and  altering  the 
granitite-gneiss  exposed  on  the  northwest  shore  of  Expectation  lake 
near  the  southwest  end.  the  diabase  is  much  finer  grained  near  the 
junction  with  the  gneiss.  The  specimen  obtained  showed  the  rock 
to  be  a  medium-grained,  dark-green,  basic  eruptive,  the  diabasic 
structure  of  which  can  be  seen  in  the  hand  specimens.  The  micro- 
scope shows  it  to  be  a  remarkably  good  instance  of  a  diabase  in 
which  the  bisilicates  have  been  almost  entirely  decomposed,  while 
the  plagioclase  remains  in  a  comparatively  fresh,  unaltered  condi- 
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tioiu  The  minerals  now  present  are  plagioclase,  hornblende  and 
chlorite  (doubtless  representing  augite  originally  present),  ilmenite 
accompanied  by  leucoxene,  apatite  and  sericite.  A  few  of  the  plates 
of  chlorite  look  as  if  they  may  have  been  derived  from  biotite.  The 
plagioclase  is  in  rather  broad  lath-shaped  sections  which  interlace, 
giving  a  coarse  ophitic  structure  to  the  rock.  It  is  well  striated  (both 
albife  and  pericline  laws  being  represented)  possesses  very  uneven 
extinction  and  has  evidently  been  subjected  to  a  considerable  degree 
of  pressure,  many  of  the  crystals  being  shattered  The  augite  origi- 
nally present  is  now  almost  entirely  altered  to  a  pale  yellowish-green 
chlorite.  It  has  evidently  passed  through  an  intermediate  stage  of 
alteration  to  hornblende,  as  that  mineral,  of  a  pale  bluish-green 
colour  and  fibrous,  in  which  the  alteration  to  chlorite  is  so  far 
advanced  as  to  almost  entirely  obliterate  the  optical  character  of 
the  hornblende,  surrounds  lighter,  still  more  altered  cores  which 
doubtless  represent  the  original  augite.  Magnetite  resulting  from 
the  decomposition  of  the  bisilicates,  a  little  apatite,  sericite  and 
epidote  occur  as  secondary  products. 

This  diabase  is  in  contact  with  a  dark-green,  fine-grained,  compact, 
foliated  rock,  sprinkled  with  little  crystals  of  pyrite.  Under  the 
microscope  the  ground-mass  consists  of  a  fine-grained  mosaic  cf 
clear  quartz  and  feldspar,  through  which  run  little  strings  of  a  brown 
biotite  in  fine  brightly  polarizing  scales  which  are  evidently  of  a 
secondary  origin,  and  in  places  show  an  alteration  to  chlorite. 
Throughout  this  fine-grained  material  larger  grains  of  quartz  and 
feldspar  (principally  microcline)  are  distributed,  which  by  their 
granulated  appearance  and  very  uneven  extinction  bear  unmistak- 
able evidence  of  the  dynamic  action  to  which  the  rock  has  been  sub- 
jected. Large  irregular  grains  of  pleochroic  epidote,  colourless  to 
pale  yellow,  frequently  showing  good  cleavage,  are  abundant,  as  are 
also  large  clove-brown  crystals  of  sphene.  Crystals  of  zircon,  fairly 
large,  and  frequently  showing  marked  zonal  structure,  are  plentiful. 
Some  pyrite  and  iron  ore  were  also  observed. 

Another  mass  of  these  basic  eruptives  that  may  be  mentioned  In 
this  connexion  is  well  exposed  on  the  shores  of  McDiarmid  lake,  the 
southern  part  of  Breadalbane  lake  and  the  islands  and  points  chiefly 
in  the  central  portion  of  Fanny  lake. 

The  rock  is  dark-green,  almost  black  in  colour,  weathering  rusty 
or  brownish  owing  to  the  oxidation  of  the  large  amount  of  pyrite 
finely  disseminated  through  it.  Atmospheric  agencies  have  likewise 
produced  a  rough,  though  somewhat  finely  pitted  surface,  owing  to 
the  decomposition  and  removal  chiefly  of  the  coloured  constituents, 
leaving  a  reticulated  surface  formed  by  the  feldspar  standing  out  in 
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relief.  The  relations  with  the  surrounding  gneissic  rocks  of  the  Lau- 
rentian  series  seem  to  show  its  earlier  genesis,  and  these  foliated  and 
much  more  acid  rocks  are  rendered  relatively  more  basic  or  horn- 
blendic  in  the  immediate  vicinity  of  the  line  of  junction,  apparently 
as  a  result  of  the  free  interchange  through  actual  fusion  of  the 
material  of  both  rocks.  The  basic  rock  has  usually  a  rather  well 
marked  foliation,  which  corresponds  in  general  with  the  strike  of  the 
enclosing  gneissic  rocks.  On  McDiarmid  lake  this  strike  is  S.  24° 
E.,  the  rock  being  nearly  if  not  quite  vertical,  while  on  Fanny  lake 
the  strike  is  N.  85°  E.  with  a  dip  to  the  northwest  of  85°. 

Under  the  microscope  this  rock  is  seen  to  be  a  rather  fresh  diabase 
composed  chiefly  of  plagioclase  and  augite.  The  plagioclase  is  unusu- 
ally fresh  and  glassy  and  well  striated,  both  albite  and  pericline  laws 
being  represented.  It  occurs  for  the  most  part  in  rather  broad,  lath- 
shaped  crystals  penetrating  the  irregular  individuals  of  augite.  As 
a  result  of  pressure  it  usually  exhibits  a  wavy  extinction,  is  some- 
times bent  or  curved  and  occasionally  fractured  and  dislocated.  The 
augite  is  of  the  reddish  colour  so  often  noticed  in  diabase  and  occurs 
in  irregular  polysomatic  areas*  These  composite  individuals  or 
masses  are  surrounded  by  a  narrow  rim  of  remarkably  uniform 
width,  composed  of  fibrous  and  radiating  scales  of  pale-greenish 
chlorite,  each  separate  scale  being  approximately  at  right  angles  to 
the  outline  of  the  unaltered  portion.    (See  plate  II.,  fig.  1.) 

The  augite  is  rather  fresh,  while  the  line  of  division  between  these 
'  reaction-rims '  and  the  unaltered  portion  of  the  individual  is  very 
sharp  and  abrupt.  Associated  with  the  augite  and  frequently  com- 
pletely enclosed  by  it  are  irregular  plates  and  scale*  of  a  reddish- 
brown  strongly  pleochroic  biotite.  Sometimes  it  is  considerably 
bleached  while  occasionally  it  is  altered  to  chlorite. 

On  the  west  side  of  Lake  Timiskaming,  nearly  opposite  Latours 
Mills,  black,  irregular,  roughly  weathering  masses  of  a  very  basic 
rock  may  be  noticed  caught  up  in  and  penetrated  by  the  associated 
granitite-gneisses  mapped  as  Laurentian. 

The  hand-specimen  examined  is  black  in  colour  with  glistening 
scales  of  mica  abundantly  developed  through  the  mass.  The  weather- 
ed surface  is  rough  and  pitted,  resembling  a  pumice-stone.  Under 
the  microscope  the  component  minerals  are  seen  to  be  hornblende, 
biotite  plagioclase,  garnet  and  iron  ore.  The  hornblende  is  green  in 
colour,  trichroic,  and  occurs  in  large  areas  composed  of  an  aggregate 
of  small  individuals.  Occasionally  these  aggregates  show  a  pale 
interior  with  a  dark-green  border  surrounding  the  masses.    It  is 
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undoubtedly  secondary  in  origin  and  6ome  of  it  is  actinolitic,  and  i» 
the  most  abundant  mineral  in  the  section.  The  biotite  is  rather 
pale  in  colour  owing  to  the  removal  of  a  part  of  the  iron,  and  fre- 
quently shows  pleochroic  halos  surrounding  embedded  fragments  of 
the  other  constituents  of  the  rock.  The  plagioclase  is  not  nearly  to 
abundant,  and  is  very  frequently  almost  opaque  from  the  inclusion 
of  dark-brownish  dust-like  particles.  The  garnet  is  in  irregular 
grains  as  is  also  the  iron  ore,  which  is  probably  magnetite.  A  some- 
what rude  ophitic  structure  can  still  be  detected  in  the  rock. 

Besides  the  foliated  diorites  that  occur  as  integral  and  extremely 
basic  portion  of  the  prevailing  Laurentian  gneisses  there  are  occas- 
ional and  comparatively  large  irregular  areas  of  massive  diorite, 
which  are  apparently  of  earlier  genesis  than  the  foliated  rocks  with 
which  they  are  associated.  One  of  the  largest  of  these  masses  noticed 
occurs  on  the  southern  mountains  to  the  southwest  of  the  west  point 
of  Maskinonge  island,  on  Bear  bay  in  Lake  Nipis^ing.  The  mass  has, 
roughly  speaking,  a  diameter  of  a  little  over  four  hundred  feet.  A 
border  of  black  mica-schist  (probably  a  mica-diorite-gneiss)  nearly 
three  feet  in  width  separates  this  massive  basic  rock  from  the  gneiss, 
the  foliation  of  the  diorite  gneiss  curving  round  the  outline  of  the 
mass.  The  whole  mass  is  penetrated  by  reddish  quartzo-feldspathic 
masses  of  dikes  which  are  evidently  extremely  acidic  portions  of  the 
same  magma  from  which  the  gneisses  have  solidified.  Fragments  of 
the  basic  hornblendic  rock  are  embedded  in  gneisses  near  the  line 
of  junction. 

Under  the  microscope  this  rock  is  seen  to  be  a  garnetiferous 
granite,  being  composed  of  plagioclase,  orthoclase,  quartz,  hornblendi, 
an  orthorhombic  pyroxene  and  garnet  with  smaller  quantities  of 
sphene  and  iron  ore.  It  possesses  a  holocrystalline  structure  and 
shows  only  slight  evidences  of  pressure  in  the  uneven  extinction  -f 
the  quartz  and  feldspar  individuals.  The  feldspars  as  a  rule  are 
quite  fresh.  The  hornblende  is  usually  in  massive  irregular  indi- 
viduals of  a  green  colour  and  strongly  pleochroic.  Occasional  in- 
dividuals show  good  crystallographic  outline.  Excellent  examples  of 
the  micropoikilitic  structure  described  by  Dr.  G.  H.  Williams*  were 
observed.  Thus  certain  areas  of  the  rock  are  occupied  by  compara- 
tively large  individuals  of  hornblende  which  are  crowded  with  irre- 
gular grains  of  quartz  arranged  without  any  reference  to  one  another 
or  to  the  matrix,  and,  which  neither  possess  the  complete  independ- 
ence of  optical  or  orientation  characteristic  of  granular  structure  nor 
the  entire  continuity  of  the  separated  portions  of  two  interpenetrat- 
ing crystal  individuals. 
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The  orthorhombic  pyroxene,  which  is  probably  hypersthene,  has  a 
parallel  extinction,  is  rather  light  in  colour  and  has  a  feeble  pleoch- 
Toism,  with  light-yellowish  to  pale  reddish  tints.  It  is  somewhat 
abundant  and  occurs  in  individuals  having  irregular  outlines.  The 
garnet  is  usually  in  large  individuals  full  of  irregular  cracks.  It  ;8 
pale  ruby-red  in  colour  with  characteristic  high  relief.  The  sphene 
is  in  irregular  grains  frequently  imbedded  in  the  hornblende.  An 
opaque  iron  ore  is  rather  abundant  in  the  section  examined. 

GRANITE. 

The  rock  to  which  this  general  name  has  been  applied  is,  for  the 
most  part,  a  biotite-granite  or  granitite  according  to  Rosenbuch's 
classification.  As  the  details  of  the  numerous  exposures  of  this  rock 
are  to  be  found  in  connexion  with  the  geological  description  of  the 
lakes  forming  the  series  of  canoe-routes  which  afford  an  access  to  or 
across  these  masses,  it  will  only  be  necessary,  in  this  connexion,  to 
give  a  very  general  notice  of  this  rock,  applicable  alike  to  most  of 
these  separate  occurrences.  It  is  of  a  prevailing  reddish  colour,  rather 
coarsely  crystalline,  the  principal  constituents  being  usually  readily 
distinguishable  with  the  unaided  eye.  In  some  localities  it  pre- 
sents a  very  massive  structure,  while  occasionally  it  shows  a  very  dis- 
tinct foliated  texture.  In  several  case:,  notably  in  the  area  adjoin- 
ing Spawning  and  Young  Loon  bays  of  Lake  Timagami,  occurrences 
of  this  rock  present  a  very  coarse,  often  porphyritic  variety,  the 
phenocrysts  being  Carlsbad  twins  of  orthoclase  developed  in  a  quartzo- 
feldspathic  ground-mass  rather  poor  in  ferro-magnesian  material. 
Orthoclase  is  the  most  abundant  feldspathic  constituent,  although 
microcline  and  plagioclase  are  both  present  in  considerable  quantity, 
while  quarts,  which  is  as  a  rule  proportionately  less  in  amount  than 
the  feldspar,  is  of  the  prevailing  granitic  variety  full  of  glass  and 
other  inclusions.  The  coloured  constituent  is  generally  biotite  which 
has  either  partially  or  wholly  been  decomposed  to  a  pale-greenish 
chlorite,  the  individuals  preserving  much  of  the  original  marked 
pleochroism  of  the  minerals  from  which  it  has  been  derived.  Epi- 
dcte  and  sphene  are  both  very  abundant  and  frequently  in  such  large 
crystals  and  fragments  as  to  be  macroscopically  discernible. 

In  the  midst  of  all  the  large  granite  areas  considerable  tracts  are 
characterized  by  greenstone,  while  masses  of  this  greenstone  (diabase 
and  gabbro)  are  frequently  so  intimately  associated  with  the  granite 
that  separation,  especially  on  the  scale  adopted  on  the  accompanying 
maps,  would  be  impossible.  Dikes  and  masses  of  granite  and  peg- 
matite likewise  accompany  outcrops  marking  the  large  occurrences 
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of  diabase  and  gabbro.  Although  in  most  cases  a  marked  and  sharp 
contrast  exists  between  the  two  types  of  rocks  (acidic  and  basic),  it 
was  rather  definitely  ascertained  that  the  rocks  are  very  intimately 
related,  and  it  seems  quite  evident  that  the  dates  of  their  respective 
intrusions  are  nearly  synchronous,  the  basic  *ypea  representing  the 
first  segregations  of  a  magma  which  ultimately  crystallized  as  grani- 
tite  and  granitite-pegmatite.  On  the  other  hand  these  areas  of  mas- 
sive granitite  merge  into  foliated  granites  of  gneisses  which  are 
usually  indistinguishable  from,  and  sometimes  co-extensive  with, 
similar  material  described  and  mapped  as  Laurentian. 

P08T-ARCH.EAN  ERUPTIVES. 

• 

Besides  the  huge  masses  of  diabase  and  gabbro  that  are  so  intim- 
ately associated  with  the  Laurentian  and  Huronian,  most  of  which 
seems  to  be  practically  contemporaneous  with  these  rocks,  there  are 
other  intrusives  occurring  principally  in  the  form  of  dikes  which 
cut  the  Laurentian  gneisses,  and  are  thus  very  obviously  of  later 
origin.  The  greater  number  of  these  occurrences  possess  sharply  de- 
fined and  approximately  parallel  enclosing  walls,  although  some  have 
filled  irregular  cavities  of  the  pre-existing  rocks,  and  thus  possess 
more  ill-defined  contours. 

The  first  of  these  which  may  be  mentioned  was  noticed  on  the  east 
side  of  the  Ottawa  river  between  Les  Erables  rapids  and  Snake  creek, 
the  intrusive  masses  apparently  piercing  the  associated  granitite- 
gneisses.  Macroscopically  the  specimen  examined  shows  a  very 
coarse-grained  dark-grey  rock,  with  a  reddish  tinge  given  by  the 
abundant  presence  of  a  wine-coloured  almandine  garnet  Under  the 
microscope  the  rock  is  evidently  a  very  typical  example  of  crushed 
and  epigenized  gabbro.  The  minerals  noticed  as  present  in  the 
microscopic  section  are  plagioclase,  unstriated  feldspar  (possibly 
orthoclase),  quartz,  diallage  hornblende,  biotite,  garnet,  apatite,  iron 
ore,  pyrite,  together  with  serpentine  chlorite  occurring  as  secondary 
products  of  decomposition.  The  plagioclase,  which  is  by  far  the 
mqst  abundant  feldspar  present,  is  much  disturbed,  bent  and  occa- 
sionally broken,  while  many  of  the  surviving  large  individuals  show 
in  a  very  beautiful  manner  the  uneven  or  undulous  extinction  due  to 
pressure.  Much  of  this  mineral  is  quite  fresh  and  glassy,  although 
many  irregular  and  often  large  spaces  in  the  crystals  are  very  turbid, 
owing  to  the  abundant  development  of  exceedingly  numerous  and 
minute  scales  of  sericite  and  kaolin;  these  products  of  decomposition 
sometimes  arranging  themselves  in  plumose  aggregates.  The  dial- 
lage, when  free  from  impurities,  show  a  rather  faint,  though  per- 
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fectly  distinct  pleochnoism,  from  light-greenish  to  pale-reddish. 
Many  of  the  larger  individuals  are  rendered  almost  isotropic  by  the 
interposition,  along  the  planes  of  parting,  of  an  almost  infinite  num- 
ber of  minute  brownish,  more  or  less  opaque,  particles.  All  stages 
in  the  development  of  these  schillerization  products  may  be  noticed, 
from  individuals  that  are  entirely  free  from  such  impurities  to 
others  which  are  perfectly  crowded  with  them.  Some  of  the  diallage 
shows  somewhat  advanced  decomposition  to  serpentine.  The  brown- 
ish-green trichroic  hornblende  present  occurs  for  the  most  part  in 
the  form  of  'reaction  rims/  surrounding  and  resulting  from  the 
alteration  of  the  diallage.  The  wine-coloured  garnets,  which,  to- 
gether with  the  colouring  of  the  diallage,  have  been  developed  by  the 
percolation  of  heated  water  (epigenetic  action),  occur  in  small  crys- 
tals and  crystalline  fragments,  often  forming  an  irregular  zonal  area 
surrounding  the  bisilicate  material.  The  biotite,  which  is  present 
in  comparatively  small  quantity,  is  of  a  deep  reddish-brown  colour 
and  strongly  pleochroic. 

On  Iron  island,  in  Lake  Xipiasiug,  the  prevailing  gneiss  is  inter- 
sected by  huge  irregular  masses  of  a  dark  brownish-grey  highly 
micaceous  trap.  The  specimens  secured  as  illustrative  of  one  of 
these  occurrences  near  the  southwest  point  of  the  island  show  the 
rock  to  vary  considerably  in  texture,  some  portions  being  fine-grained 
with  a  distinct  approach  to  porphyritic  structure,  the  biotite  occurring 
in  crystals  with  sharply  defined  hexagonal  outlines;  other  specimens 
are  much  coarser  grained,  with  the  biotite  in  broad  irregular  flakes, 
and  lacking  the  distinct  porphyritic  appearance  of  the  fine-grained 
material.  The  rock  weathers  to  a  rusty  brown  colour,  is  greatly 
decomposed  and  filled  with  carbonates,  causing  it  to  effervesce  freely 
with  acid.  The  microscope  shows  that  Che  principal  minerals  now 
present  are  biotite  and  garnet,  with  abundant  iron  ore,  some  accessory 
augite,  a  little  hornblende  (?)  and  masses  of  calcite,  etc.,  which  may 
represent  in  part  feldspar  originally  present,  though  none  are  now 
observable.  Apatite  is  abundant  in  good-sized  long  prismatic  crys- 
tals. The  section  of  the  finer-grained  portion  contained  no  garnet, 
while  in  the  coarse-grained  phase  of  the  rock  this  mineral  is  exceed- 
ingly abundant.  The  garnet  is  of  a  peculiar  yellowish-brown  colour 
and  resembles  the  melanite  variety,  while  the  coarse  portion  of  the 
rock  might  be  described  as  composed  essentially  of  biotite  and  mel- 
anite garnet  with  some  little  accessory  augite  and  perhaps  horn- 
blende. The  rock  is  a  most  remarkable  one  and  further  investigation 
of  fresher  material  might  prove  it  to  be  a  hitherto  unobserved  mem- 
ber of  the  mica-peridotite  family. 

Another  interesting  and  rather  rare  species  of  dike- rock  was 
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noticed  on  the  most  southerly  of  the  Manitou  islands  in  Lake 
Nipissing.  Near  the  southern  extremity  of  this  small  island  dikes, 
as  well  as  irregular  masses  of  an  alnoite-rock,  cut  the  dark  reddish 
and  greenish  granitite-gneiss  representing  the  Laurentian.  One  of 
these  dikes  is  about  ten  feet  in  width,  running  in  a  direction  nearly 
east-and-west  and  intersecting  the  foliation  of  the  gneiss  almost  at 
right  angles. 

Another  occurrence  showed  a  fissure  about  six  inches  in  width 
filled  with  the  same  material.  Murray*  mentions  the  occurrence  of 
intrusive  masses  of  the  same  rock  as  seen  on  one  of  the  islands  in 
East  bay  opposite  Callander  station.  The  specimens  of  this  rock  con- 
sist of  a  fine-grained  greenish  groundmass  in  which  re  embedded 
large  phenocrysts  of  biotite  and  augite,  together  with  rounded  green- 
ish masses,  which  at  first  sight  seem  to  resemble  concretionary  or 
pebble-like  inclusions.  On  examination  these  simulate  rude  pris- 
matic crystals,  but  only  the  skeleton  forms  remain,  filled  with  de- 
composition products,  chiefly  calcite,  and  that  may  possibly  represent 
olivine,  originally  present.  In  the  hand-specimens  the  large  plates 
of  bioti-e  and  phenocrysts  of  augite  are  especially  noticeable,  at  once 
suggesting  its  probable  close  affinity  to  the  alnoite  first  described  by 
Tornebohmf,  in  1882,  from  the  island  of  Alno  in  Norway.  The  thin 
section,  under  the  microscope,  shows  an  exceedingly  fine-grained  and 
decomposed  groundmass  consisting  of  an  intricate  mixture  of  brightly 
polarizing  scales  of  bleached  biotite,  chlorite  spicules  and  crystals 
of  hornblende  (actinolite),  calcite,  pyrite,  iron  ore  a' d  leucoxene,  in 
which  are  embedded  larger  individuals  of  augite  and  biotite,  the 
former  almost  wholly  converted  to  hornblende  and  calcite,  although 
the  characteristic  skeleton  forma  remain.  In  this  matrix  are  devel- 
oped large  though  somewhat  rude  phenocrysts  of  biotite  and  augite. 
The  large  individuals  of  augite  show  a  perceptible,  though  somewhat 
indistinct,  pleochroism  and  are  traversed  with  a  network  of  cracks 
more  or  less  filled  with  hornblende  and  calcite,  products  of  its  alter- 
ation and  decomposition.  They  are  as  a  rule  surrounded  by  a  rim 
of  variable  width  composed  of  the  usual  hornblende  (uralite),  show- 
ing beautiful  deep-bluish  polarization  colour  bttween  crossed  nicols. 
The  biotite  is  rather  fresh,  although  some  of  the  iron  has  been  re- 
moved, and,  as  a  consequence,  exhibit  brilliant  chromatic  polariz- 
ation colour.  The  pleochroism  is  strong,  from  deep  brownish-red  to 
pale-yellow.  The  individuals  have  a  hepidiomorphic  outline,  occurr- 
ing in  elongated  plates  and  scales  which  show  considerable  optical 

♦Report  of  Progress,  Geol.  Surv.  Can.,  1853-56.  p.  122. 
tA.  E.  Tarnebohm  :  Metillt  basalt  frln  Aln6,  Geol.  Forn.  1  Stolkholm  Forb. 
1882.  p.  240. 
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disturbance  as  a  result  of  pressure.  The  rock  doubtless  belongs  to 
the  group  which  includes  the  alnoites,  monchiquites  and  fourchites 
but  it  is  now  so  decomposed  that  its  exact  position  cannot  be  deter- 
mined. Closely  related  rocks  ha~e  been  described  by  C.  H.  Smyth, 
jr.,*  from  Central  New  York,  and  by  Adams, +  from  Ste.  Anne  de 
Bellevue,  Quebec,  and  from  a  point  on  the  road  between  Ashcroft  and 
Savona,  British  Columbia,  three  miles  east  of  Eight-mile  creek. 

About  five  chains  north  of  the  last  occurrence  of  this  rock,  on  the 
west  side  of  the  same  small  island,  beds  of  pink  crystalline  limestone 
occur  containing  more  or  less  epidote,  biotite  and  hornblende  as 
impurities.  The  strike  of  the  rock  is  about  N.  80°  E.,  while  the 
dip  is  at  an  angle  of  65°.  A  dike  varying  in  width  from  nine  and  a 
half  to  eleven  inches,  of  fine-grained,  dark-greenish,  almost  black  rock 
was  noticed  intersecting  this  limestone  in  a  direction  N.  4°  W. 

Under  the  microscope  the  rock  is  seen  to  be  greatly  altered,  con- 
sisting chiefly  of  microcline  and  hornblende,  the  latter  evidently 
secondary  in  origin.  The  original  rock,  unaltered,  was  probably  in 
•ugite-microcline  one  and  thus  allied  to  the  vogesites.  The  horn- 
blende occurs  in  elongated  pale  yellowish-green  individuals  consider- 
ably altered  to  chlorite  and  frequently  forming  sheaf-like  bundles  of 
crystals.  A  close  study  of  the  section  reveals  numerous  examples 
of  comparatively  unaltered  cores  of  the  original  augite.  The  feldspar 
of  the  rock  giving  generally  elongated  sections  appears  to  be  prin- 
cipally microcline,  although  some  plagioclase  was  also  observed.  It 
is  turbid,  being  full  of  inclusions  of  hornblende,  sericite,  etc.  Bril- 
liantly polarizing  secondary  epidote  is  abundantly  distributed 
throughout  the  rock. 

On  one  of  the  smaller  of  the  Goose  islands,  at  the  extreme;  ween 
end  of  the  group,  the  pinkish  granite-gneiss  strikes  N.  70°  E.,  with  a 
dip  to  the  south  <  50°.  Near  the  northwest  end  a  greenish  dike  of 
fine-grained  material  about  one  and  a  quarter  feet  in  width  cuts 
across  the  whole  end  of  the  island  running  in  a  direction  N.  58°  E. 

About  three  miles  and  a  half  northeast  of  Bonfield  station  (form- 
erly Callander)  a  rock-cutting  made  during  the  construction  of  the 
Canadian  Pacific  railway  shows  a  good  section  of  a  massive  gran- 
itoid gneiss  pierced  by  several  dikes  of  a  usty-weathering  medium- 
textured  diabase.  The  rock  has  a  marked  concretionary  structure, 
which  is  revealed  as  a  result  of  ordinary  weathering,  the  successive 
thin  concentric  layers  of  rock  peeling  off  much  like  the  coats  of  an 
onion.    The  dikes  cut  across  the  indistinct  foliation  of  the  associated 

•American  Journal  of  Science.  April.  1892,  August.  1893.  and  October,  1896. 
tlbld..  April.  1882  ;  also  Annual  Report.  Geol.  Surv.  Can.,  vol.  VII.  (M.S.). 
p.  388  B.  No.  79  A. 
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gneissic  rocks.  Near  the  walls  the  dikes  are  very  much  decomposed 
ard  Bchistose,  while  the  gneiss  is  baked  and  altered  to  a  slight  degree 
in  the  immediate  vicinity.  The  largest  of  the  dikes,  near  the  south- 
west end  of  the  cut,  is  six  feet  across  with  a  branching  arm  about  two 

Fig.  2. 


Northeast.  Southwest. 

Dikes  of  Concretionary  Diabase  3*  Miles  N.  E.  op  Bonfield. 

feet  in  width.  Another  dike  near  the  northeast  end  of  the  outcrop 
is  four  feet  in  width,  while  the  third  ia  only  about  one  foot  in  width. 
The  rock  composing  these  intrusions  is  readily  attacked  by  atmos- 
pheric agencies  and  is  more  or  less  hollowed  out  in  the  adjacent  hard 
gneiss.  Dikes  and  masses  of  precisely  similar  material  are  exposed 
along  the  line  of  railway  between  Sudbury  and  the  Murray  mine, 
which  in  a  thin  section  under  the  microscope  is  found  to  be  a  rather 
typical  and  fresh  olivine-diabase.  Xo  petrographical  examination 
was,  however,  made  of  the  rock  from  the  locality  above  described,  as 
the  specimens  secured  were  lost  in  transit. 

Along  the  line  of  the  northern  division  of  the  Grand  Trunk  rail- 
way, in  the  vicinity  of  Callander  station  to  the  east  of  Lake  Nipiss- 
ing,  the  various  rock-cuttings  show  good  exposures  of  a  massive  gran- 
itite-gneiss.  As  a  rule,  this  is  a  medium-grained  distinctly  foliated 
granitic  rock,  in  which  the  dark-coloured  irregular  strings  and  layers 
composed  of  the  ferromagncsian  constituents,  (principally  biotite), 
alternate  with  broader  reddish  bands  of  coarse-grained  feldspar  and 
quartz,  in  which  lie  little  patches  and  strings  of  the  darker  material. 
Frequently  the  gneiss  has  a  very  distinct  augen  structure,  the  lenti- 
cles  composed  almost  wholly  of  reddish  feldspar  being  sometimes  os 
much  as  six  inches  in  length  by  two  or  three  in  breadth.  The  strike 
of  the  rock  varies  from  N.  20°  W.  to  N.  20°  E.  with  a  prevailing  dip 
to  the  east  at  a  high  angle,  usually  over  60°.  In  some  instances  the 
rock  is  quite  massive,  showing  little  or  no  evidence  of  foliation. 
These  reddish  granitoid  rocks  are  intersected  in  several  places,  almost 
at  right  angles  to  the  foliation,  by  irregular  often  branching  dikes 
of  comparatively  fine-grained  dark  gre^nish-RTcy,  sometimes  almost 
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black,  rocks.  In  the  immediate  vicinity  of  the  lino  of  contact  the 
gneiss  exhibits  a  narrow  selvage  of  much  liner  grained  rock  showing 
the  intrusive  action  of  the  dike,  while  in  some  instances  fragments 
of  the  gneiss  have  been  caught  up  and  incorporated  in  the  body  of 
the  dike.  At  the  first  cutting,  about  a  qtiarter  of  a  mile  south  of 
Callander,  the  rock  is  very  massive  and  granitoid,  but  at  the  second 
a  well  marked  foliation  has  been  developed,  running  N.  10°  W.  with 
an  easterly  dip  at  a  high  angle.  This  rock  is  intersected  by  two 
dikes,  dark-green  to  almost  black  in  colour,  containing  porphyritical- 
ly  embedded  individuals  of  a  black,  bright,  glistening  mineral.  The 
walls  of  the  dikes  are  more  or  less  irregular,  often  serrated  and  fre- 
quently presenting  re-entering  angles  of  fine-grained  material  which 
penetrates  the  mass  of  the  neighbouring  granitic  rock.  At  the 
widest  places  the  larger  of  the  two  dikes  is  about  seven  feet  thick, 
while  the  smaller  is  about  two  feet.  The  dike  interrupts  the  foliation 
of  the  gneiss  ami  near  the  contact  both  rocks  are  much  finer  in  tex- 
ture, while  fragments  of  the  gneiss  are  embedded  in  the  dark-green- 
ish rock.  Under  the  microscope  the  rock  possesses  a  peculiar  irre- 
gular granular  structure,  and  the  intergrowth  of  hornblende  and 
feldspar  gives  to  the  section  a  pseudo-granophyric  appearance.  'The 
section  is  filled  with  a  dense  mass  of  little  shreds  of  hornblende  in 
a  groundmass  composed  chiefly  of  broad  plates  of  orthoclase.  There 
nic  numerous  large  phenocrysts  having  centres  composed  of  a  pale- 
green  diopsede-like  pyroxene,  altered  on  the  outside  to  a  green  horn- 
blende. Biotite  is  also  plentiful  in  large  fresh  irregular  plates  full 
of  inclusions.  Titanite  and  apatite  also  occur.  The  whole  section 
is  sprinkled  with  iron  ore,  pyrite  and  granules  of  epidote.  It  is  a  very 
basic  rock,  near  the  syenite  end  of  the  peridotites  and  between  these 
and  the  vogesites.    It  might  be  termed  a  hornblende-augite-minette. 


Fig.  3. 


West  side  of  cutting,  one  mile  south  of  Callander,  G.T.R. 

Sketch  showing  dike- like  forms  of  Mica-Phoxolite  (a)  cutting 

Granite-Gneiss  (b). 

The  next  cutting,  situated  about  a  mile  south  of  Callander,  runs 
through  a  hill  of  a  deep-reddish  granitite-gneiss.    At  the  north  end 
of  the  cutting  the  foliation  is  quite  distinct,  tins  structural  feature 
4330— 8J 
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striking  about  N.  10°  E.  with  an  easterly  dip  <  60°,  but  towards  the 
middle  of  the  cutting  the  rock  is  very  massive,  showing  only  indis- 
tinct foliation.  This  rock  is  pierced  by  irregular  dike-like  forms  of 
a  massive,  dark,  greenish-grey  rock,  which  shows  a  marked  difference 
in  texture,  being  fine-grained  near  the  containing  walls  of  the  dike 
and  coarser  toward  the  middle.  There  is  a  selvage  of  about  an  inch 
of  fine-grained  granitite  near  the  contact  with  the  darker  rock.  In 
some  places  these  dikes  have  comparatively  regular  and  straight 
walls,  while  in  others  they  are  of  somewhat  irregular  outline.  On 
the  west  side  of  the  track  near  the  north  end  three  of  the  narrower 
dikes,  in  approximately  parallel  position,  cut  the  granitite  and  are 
connected  with  the  larger  and  more  irregular  body  of  the  dike.  The 
whole  section  exposed  is  a  little  over  a  hundred  feet  in  length.  The 
finer  grained  portion  of  the  dike  near  the  walls,  shows  a  very  com- 
pact dark-green  slaty  rock  filled  with  a  multitude  of  joints,  causing 
the  rock  to  break  into  a  large  number  of  small,  irregular  rhom- 
bohedral  fragments.  Under  the  microscope  it  is  seen  to  be  much 
altered  and  very  fine-grained.  It  is  composed  of  a  groundmass  made 
up  of  a  colourless  isotropic  substance,  sprinkled  all  through  with 
irregular  patches  and  spots  (micropoikilitic)  of  a  mineral  with  higher 
refraction  and  very  high  double  refraction  which  may  be  calcite, 
also  occasional  laths  of  a  low  double  refractive  mineral  suggesting 
feldspar.  The  section  is  also  spotted  with  minute  scales  of  green 
biotite.  Augite,  some  of  which  is  fresh,  is  present;  but  one  pheno- 
cryst  with  inclusions  of  feldspar  was  noticed  decomposed  to  a  serpen- 
tinous  product.  Considerable  quantities  of  titanite,  some  ilmenite. 
leucoxene,  pyrite,  apatite,  zircon,  fluorite  and  lepidomelane  are  also 
present.  The  section  represents  an  alkali  rock,  and  is  probably 
allied  to  the  mica-phonolites. 

Other  dikes  than  these  above  described  are  also  occasionally  met 
with,  but  they  have  not  been  examined  petrographically. 

.  CAMBRO-SILURIAN. 

The  transgression  of  the  9ea  far  up  the  valley  of  the  Ottawa  during 
early  Palssozonic  times  has  long  been  a  well  ascertained  fact,  and  the 
eharacter,  thickness  and  fossil  remains  of  the  numerous  and  extensive 
Palaeozoic  outliers  have  been  described.  The  marine  invasion  began 
with  the  shallow-water  conditions  indicated  by  the  deposition  of  the 
conglomerate  and  sandstones  of  the  Potsdam,  and  ended — so  far  as 
evidence  is  afforded  by  the  exposures  of  strata  below  Mattawa — with 
the  Utica.  This  submergence  must  have  been  gradual  and  of  great 
duration,  the  ocean  reaching  its  greatest  depth  and  extent  in  this 
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area  about  the  close  of  the  Trenton  period,  when  a  comparatively 
rapid  re-elevation  of  the  land  took  place,  as  indicated  in  part  by  the 
deposition  of  the  Utica  shale,  and  ending  with  the  final  emergence 
of  the  whole  area  to  conditions  of  dry  land. 

It  seems  probable  that  the  depression  at  present  occupied  by  the 
Ottawa  river,  which  in  past  geological  time  was  of  much  greater 
extent  and  importance,  formed,  during  the  deposition  of  the  Cam- 
bro-Silurian,  a  large  gulf  or  arm  of  the  sea,  with  transverse  bays  ->r 
inlets  extending  far  into  the  interior  of  the  Archsean  plateau  of  cen- 
tral Ontario  along  depressions  which  even  then  existed,  and  which  are 
now  occupied  by  the  more  important  tributaries  of  the  Ottawa.  This 
arm  of  the  sea  certainly  extended  as  far  up  the  Ottawa  as  the  Mat- 
tawa,  and  small  exposures  of  arenaceous  limestones  which  have 
escaped  the  forces  of  denudation  occur  at  intervals  in  the  immediate 
valley  of  the  river  between  Pembroke  and  Mattawa.  The  compara- 
tively deep-water  conditions  indicated  by  the  deposition  of  these 
limestones,  which  were  certainly  of  much  greater  extent  and  volume 
than  at  present  appearing,  furnishes  strong  presumptive  evidence  for 
believing  that  the  sea  was  continuous  in  the  form  of  a  strait  through 
the  valley  of  the  Mattawa  river,  thus  connecting  directly  with  the 
vast  interior  basin  of  western  Ontario  in  which  strata  of  similar  age 
and  character  were  being  deposited.  The  Cambro-Silurian  known  to 
occur  on  the  Manitou  and  Iron  islands  in  Lake  Nipissing  are  doubt- 
less outliers  of  the  belts  of  rocks  of  the  same  age  which  outcrop 
farther  to  the  west  and  southwest. 

To  the  north,  up  the  main  valley  of  the  Ottawa,  it  is  perhaps 
likely  that  the  sea  extended  as  far  as  the  head  of  Lake  Timiskaming 
and  a  short  distance  beyond,  and  that  strata  then  deposited  lie  con- 
cealed beneath  the  Niagara  limestones  that  outcrop  on  the  shores 
and  islands  of  the  northern  part  of  this  lake.  This  seems  the  most 
satisfactory  explanation  that  can  be  offered  at  the  present  time  to 
account  for  the  presence  of  numerous,  often  large  and  angular,  frag- 
ments of  Cambro-Silurian  strata  with  embedded  characteristic  fossils 
that  are  found  lying  loose  at  intervals  along  the  shores  of  the 
northern  part  of  the  lake,  and  which  certainly  afford  no  evidence  of 
having  travelled  any  great  distance  from  their  source. 

Chazy,  Birdteye  and  Black  River  Formations. 

On  the  west  side  of  Iron  island,  in  Lake  Nipissing,  beds  of  choco- 
late-brown and  yellowish-grey,  coarse  sandstone  or  grit,  occasionally 
becoming  a  fine  conglomerate,  rest  unconformably  on  the  upturned 
edges  of  the  gneissic  rocks  classified  as  Laurentian.    The  rock  is 
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composed  of  loosely  compacted  and  rounded  grains  of  quartz  more  or 
less  abundantly  coated  with  hydrous  oxide  of  iron  with  little  or  no 
interstitial  material.  The  lowest  beds  are  of  a  brown  colour,  with 
occasional  lighter  spots  from  which  the  iron  oxide  has  been  removed, 
while  higher  beds  are  yellowish-grey,  also  showing  lighter  coloured 
areas.  When  subjected  to  the  action  of  the  weather  curious  sub- 
spherical  rings  suggestive  of  concretionary  action  appear  on  the 
exposed  surface,  but  a  close  inspection  shows  no  apparent  difference 
either  in  composition  or  texture  of  the  part  where  these  are  developed. 
The  beds  are  of  good  thickness,  but  would  be  useless  for  building  pur- 
poses on  account  of  the  loose  and  friable  nature  of  the  sandstone. 
Little  or  no  calcareous  matter  is  present,  which  is  a  rather  unusual 
feature,  as  even  the  coarse  arkose  or  conglomerate  lying  at  the  base 
of  the  Manitou  Islands  outliers  contains  a  considerable  admixture  of 
carbonate  of  lime.  Murray*  mentions  the  finding  of  loose  fragments 
of  limestone,  with  characteristic  Chary  fossils,  that  possibly  overlie 
these  sandstones,  which  may  thus  represent  the  basal  portion  of  the 
Chazy  formation. 

The  Manitou  islands,  five  in  number,  are  situated  about  the  middle 
of  the  wide  open  space  in  the  eastern  part  of  the  lake.  The  largest 
and  most  northerly  of  these  islands  is  about  a  mile  in  length  from 
east  to  west,  and  is  known  as  the  Great  Manitou  or  Newmans  island. 
The  next  in  size  and  importance  is  the  Little  Manitou  or  McDonalds 
island,  while  the  other  three  are  so  small  and  insignificant  that  they 
have  not  been  separately  named. 

The  most  southerly  of  these  islands  is  somewhat  less  than  a  quartsr 
of  a  mile  long,  but  only  a  few  chains  in  width.  On  the  southeast 
side  of  the  island  is  a  dark-brown  arenaceous  limestone,  containing 
angular  or  subangular  fragments  and  pebbles  of  the  subjacent  gneiss. 
This  rock  is  of  no  great  thickness,  and  passes  rapidly  upward  into  a 
yellowish-grey  arenaceous  limestone.  The  whole  section  exposed  is 
of  small  extent  and  thickness,  the  beds  lying  in  nearly,  if  not  quite, 
horizontal  succession.  The  shore  is  strewn  with  large  angular  blocks 
of  the  coarse-grained,  yellowish-grey,  arenaceous  limestone,  contain- 
ing many  weathered  and  waterworn  fragments  of  obscure  oephaloped- 
like  remains.  These  fragments,  according  to  Dr.  H.  M.  Ami,  who 
has  examined  them,  resemble  the  Eudoceras  multitubulatum  (Hall) 
from  the  Trenton  and  Black  river. 

McDonalds  island,  or  the  Little  Manitou,  is  about  half  a  mile  in 
length  from  north  to  south  and  of  no  great  breadth.  At  the  south- 
west corner  is  a  small  patch  of  yellowish-grey  limestone,  occurring  in 
beds  which  have  little  or  no  inclination.    The  only  fossil  remains 

•Report  of  Progress.  Geol.  Surv.  Can..  1853-66,  p.  126. 
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visible  at  this  locality  were  fragments  representing  chiefly  the 
siphuncles  of  orthooeratites,  together  with  crinoid  stems  and  casts  of 
supposed  worm-burrows.  Small  outlying  patches  were  also  noticed 
beneath  the  surface  of  the  water. 

About  the  middle  of  the  island,  on  the  west  shore,  the  thickest 
exposure  of  the  whole  of  these  outliers  is  exposed.  The  total  thick- 
ness is  about  thirty  feet,  the  beds  showing  a  gentle  inclination  to  the 
west  At  the  base  is  a  greenish  or  yellowish  arenaceous  limestone 
holding  decomposed  fragments  and  pebbles  of  the  gneissic  rocks 
beneath.  This  is  overlain  by  a  yellowish,  arenaceous  limestone,  com- 
paratively free  from  coarse  f ragmen tal  material,  which  in  turn 
gradually  passes  upward  into  grey  limestones  and  shales  holding 
numerous  fossil  remains.  The  orthoceratites  are  characteristic  and 
numerous,  and  one  specimen  obtained  must  have  belonged  to  an 
individual  over  six  feet  in  length. 

The  following  lists  of  fossils  have  been  prepared  by  Dr.  H.  M.  Ami 
from  collections  made  by  myself  and  my  assistant,  Mr.  A.  M.  Camp- 
bell :- 

Podophyllum  or  Columnaria,  imperfectly  preserved. 

Amplexopora,  sp. 

Coscmopora  (?)  sp. 

Monotrypella  quadrata,  Rominger. 

Pachydictya  acuta,  Hall. 

Plectatnbonites  (?)  sp. 

Zygospira  recurvirostra,  Hall. 

Orihis  tricenaria,  Conrad. 

Rafinesquina  Cf.  R.  alternata,  (Emmons). 

Trochonema  umbilicatum,  Hall. 

Small  exposures  of  the  basal  conglomerate  and  overlying  arenaceous 
limestone  occur  on  the  west  aide  of  the  Great  Manitou  island,  these 
rocks  dipping  south  <  5°,  while  On  the  south  shore,  near  the  old 
wharf,  is  a  small  outcrop  of  arenaceous  limestone  dipping  east  at  a 
low  angle. 

From  these  exposures  the  following  fossils  were  obtained: — 

Stromatocerium  rugosum,  Hall. 
Columnaria  halli,  Nicholson. 

Fragments  of  crinoidal  columns  not  determinable. 
Ptilodictya  falciformis,  Nicholson. 
Rafinesquina  Cf.  R.  alternata,  (Emmons). 
Zygospira  recurvirostra,  Hall. 
Zygospira  (?)  sp.  undet 
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Lophospira  bicmcta,  Hall. 

"        sp.  type  of  L.  helicteres,  Salter. 
Maclurea  (?)  sp.  undet 

Actinocerat  sp.  Cf.  Actinoceras  bigtbyi,  Stokes. 
Endoceras,  sp. 

Orthoceras,  sp.  Probably  a  new  species  of  the  type  of  Ortho- 
ceras rapax,  Billings.  This  may  be  referable  to  the  genus  Camero- 
ceras. 

Trenton. 

Between  Deux  Rivieres  and  Mattawa  are  several  small  compara- 
tively flat-lying  exposures  of  sandstones  and  limestones  resting  upon 
the  Laurentlan  gneiss  close  to  the  edge  of  the  river,  that  are  com- 
pletely covered  during  times  of  freshet  The  sections  exposed  are 
of  no  very  great  thickness  or  extent,  the  beds  dipping  in  a  southerly 
direction  at  a  low  angle.  The  most  important  of  these  outliers  is  the 
one  situated  on  the  north  side  of  the  river  about  four  miles  above 
Deux  Rivieres.  The  basal  or  sandstone  beds  formerly  furnished 
material  for  the  manufacture  of  grindstones  of  an  excellent  quality 
while  local  lime-kilns  utilized  certain  portions  of  the  higher  beds 
exposed  in  this  escarpment. 

About  six  miles  below  Mattawa  two  small  outliers  of  a  light- 
yellowish  and  purplish,  grey- weathering  arenaceous  limestone  are 
seen  in  the  north  bank  of  the  Ottawa  river,  containing  abundant 
fossils  characteristic  of  Lower  Trenton  period.  Besides  the  rock  in 
situ,  the  beach  in  the  vicinity  of  these  outliers  contains  a  large  num- 
ber of  somewhat  water-worn  blocks  of  these  fossiliferous  strata.  ^ 

The  following  list  of  fossils  has  been  prepared  by  Dr.  Ami  from  a 
collection  made  at  this  locality. 

Beceptaculites  occidentals,  Salter. 

Crinoidal  fragments  too  imperfectly  preserved  for  identification, 
but  may  belong  to  Olyptocrinue. 
Prasopora  selwyni,  Nicholson,  (Prasopora  lycoperdon,  Vanuxem.) 
Streptalasma  corniculum,  Hall. 

Frondose  monticuliporoid  (section  required  for  identification.) 

Branching  form  of  monticuliporoid. 
Obscure  monticuliporoid  form,  probably  related  to  Solenopora  (Cf. 
8.  compacta,  Billings.) 
Stropkomena  incurvata,  Shepard. 
Ra/inesquina  altemata,  (Emmons). 
Orthis,  sp.  Cf.  0.  tricenaria,  Salter. 
Ortkis  (Dinorthis)  proavita,  W.  and  Seh. 
Zygospira  recurvirostra,  Hall. 
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Young  of  Murchisonia  (possibly  Lophospira  bicarinaia,  Hall.) 
Fragment  of  trilobite  too  imperfectly  preserved  for  identification. 

Silurian. 

Clinton  and  Niagara. 

The  rocks  of  this  age,  exposed  on  the  shores  and  islands  of  the 
northern  portion  of  Lake  Timiskaming,  have  been  of  exceptional 
interest  to  geologists  ever  since  their  discovery  and  description  by 
Logan  in  1845.*  Geographically  this  outlying  patch  is  so  widely 
separated  from  any  locality  where  rocks  of  similar  age  are  now  known 
to  exist  that  it  has  been  a  question  whether  it  is  indicative  of  .in 
area  of  marine  submergence  connected  with  that  in  which  the  fossili- 
ferous  strata  of  Hudson  bay  were  deposited,  or  whether  it  was  in 
some  way  connected  with  the  Niagara  basin  to  the  southwest.  It  has 
been  previously  asserted  that  these  rocks  belong  rather  to  the  great 
northern  trough  connected  with  Hudson  bay,  of  which  they  are  pro- 
bably an  outlier,  and  the  absence  of  all  strata  of  Niagara  age  in  the 
region  bordering  the  lower  Ottawa  has  served  to  strengthen  this 
belief.  Although  in  lithological  character  and  colour  the  rocks  of 
similar  age  exposed  on  Timiskaming  exhibit  a  marked  similarity  to 
the  Niagara  exposed  farther  to  the  north,  the  rich  and  varied  fauna 
characteristic  of  this  outlier  presents  no  corresponding  resemblance, 
but  rather  a  close  analogy  with  the  Niagara  formation  of  south- 
western Ontario. 

It  has  been  shown  that  a  pronounced  similarity  exists  both  in 
lithological  character  and  fossil  remains  between  the  Niagara  of  the 
Winnipeg  basin  and  that  exposed  in  the  vicinity  of  the  Churchill  on 
Hudson  bay,  although  these  areas  are  now  widely  separated,  while 
both  present  organic  forms  that  are  entirely  lacking  in  the  Timis- 
kaming outlier.  These  facts,  therefore,  seem  to  prove  that  the  seas 
in  which  the  Niagara  sediments  of  the  Winnipeg  basin  and  of  Hudson 
bay  were  deposited  were  practically  continuous,  while  both  were  sep- 
arated from  the  Timiskaming  basin  and  the  region  to  the  southwest 

The  strata  forming  the  Timiskaming  outlier  occur  in  the  form  of  a 
shallow  synclinal  trough,  occupying  somewhat  more  than  the  breadth 
of  the  lake,  which  is  here  about  six  miles,  and  extending  from  the 
northern  end  of  Moose  or  Bryson  island,  northwestward  beyond  the 
confines  of  the  present  map.  On  both  sides  of  the  lake  the  rocks 
incline  towards  the  water  at  varying  angles,  depending  on  the  charee- 

•Report  .of  Progress,  Qeol.  Surv.  Can.,  1845-46,  pp.  69-70.   Geology  of  Can- 
ada <1863).  pp.  334-336. 
tGeology  of  Canada  (1863),  p.  334. 
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ter  of  the  shore-line;  although  in  general  the  dip  does  not  exceed 
10°,  and  angles  of  lesser  amount  are  far  more  common.  On  Mann  or 
Burnt  island,  as  well  as  on  the  peninsula  to  the  north,  the  limestones 
show  a  very  gentle  westerly  inclination  of  between  one  and  two 
degrees,  while  on  Percy  island,*  near  the  west  shore,  the  rocks  are 
very  nearly  if  not  quite  horizontal.  It  is  thus  evident  that  any  section 
made  must  of  necessity  be  more  or  less  ideal  and  any  thickness 
based  on  the  observed  angles  of  the  dip  is  sure  to  be  misleading.  The 
whole  thickness  exposed  in  any  one  section  is  somewhat  less  than  150. 
feet,  and  it  seems  certain  that  the  total  amount  of  the  Niagara  ex- 
posed on  this  lake  cannot  be  greater  than  300  feet,  and  may  be  con- 
siderably less.  The  occurrence  of  loose  angular  fragments  and  slabs 
of  greyish  dolomite,  resembling  that  exposed  in  the  vicinity  of  Lake 
Huron  and  Nipissing,  and  containing  characteristic  Trenton  fossils, 
has  been  noticed.!  These  are  distributed  at  several  points  on  the 
shores  of  the  lake  and  specimens  were  collected  from  the  northeast 
shore  of  Chief  island.  Although  their  source  has  not  yet  been  ascer- 
tained the  angular  character  of  the  fragments  and  their  abundance 
shows  clearly  that  this  cannot  be  far  distant.  The  lake  is  here  over 
200  feet  in  depth  and  it  is  just  possible  that  below  the  Niagara  lime- 
stone and  concealed  beneath  the  waters  of  the  lake  there  exists  an 
area  of  Cambro-Silurian  rocks.  This,  however,  can  only  be  ascer- 
tained by  boring,  as  no  exposures  of  these  rocks  were  encountered, 
although  a  diligent  search  was  made  with  this  object  in  view. 

The  relatively  smaller  quantity  of  conglomerates  and  sandstones, 
characteristic  shallow  water  deposits,  and  the  rapid  alteration  from 
these  coarser  elastics  to  the  fine-grained  limestones  indicative  of  deep 
water  deposition,  point  to  a  rather  sudden  marine  invasion ;  while  the 
comparatively  great  volume  of  strata  remaining  shows  a  prolonged 
submergence.  The  fine-grained  character  of  most  of  the  limestones 
show  that  their  deposition  took  place  in  a  quiet  arm  or  extension  of 
the  sea  not  affected  by  the  open  ocean,  while  the  abundance  and  char- 
acter of  the  fossil  remains  are  ample  testimony  of  the  genial  character 
of  its  waters. 

As  exposed  on  the  west  side  of  Wabis  bay,  in  the  northwest  corner 
of  the  lake,  the  lower  portion  of  this  formation  is  composed  of  a 
loosely  coherent  sandstone  or  grit  alternating  with  timber  beds  of  o 
fine  conglomerate,  with  pebbles  chiefly  of  Huronian  quartzite,  most 
of  which  have  a  thin  coating  of  yellowish  or  brownish  iron  oxide, 
while  the  matrix,  consisting  of  similar  material  in  a  finer  state  of 

- 

•So  called  In  honour  of  Captain  Walter  Percy  of  the  steamer  Meteor  plying 
on  this  lake. 
tGeology  of  Canada  (1863).  p.  335 
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division,  contains  a  slight  admixture  of  calcareous  matter.  The 
actual  contact  between  this  and  the  underlying  slate  of  the  Huronian 
is  not  seen  .although  only  a  few  yards  intervene  between  the  exposures 
of  the  two  rocks.  The  existing  relations  can,  however,  be  made  out 
pretty  clearly,  for  while  the  compact  and  rather  massive  slaty  rock 
which  here  represents  the  Huronian  occurs  in  exposures  with  more 
or  less  rounded  or  hummocky  outlines,  the  arenaceous  strata  of  the 
Niagara  dip  off  or  away  from  these  hillocks  at  an  angle  of  S°. 

At  Haileybury,  on  the  western  shore  of  the  lake,  close  to  the  water'* 
edge  and  cropping  out  from  the  shingle,  is  a  small  exposure  of  light- 
yellow  fine-grained  limestone,  without  visible  fossil  remains,  dipping 
northeast  26°.  The  discovery  of  limestone,  with  the  general  contour 
of  the  country  in  its  vicinity,  seems  to  suggest  that  a  small  patch  of 
Niagara  extends  northerly  along  this  shore  towards  Wabi  bay,  being 
perhaps  three  miles  in  length  by  about  a  quarter  of  a  mile  in  breadth, 
underlying  the  clay  which  here  effectually  conceals  any  rocks  which 
may  be  beneath. 

Farther  south,  on  Percy  island,  which  is  only  a  few  chains  in 
length  and  is  separated  from  the  western  mainland  by  a  very  shallow 
and  narrow  channel,  the  rock  exposed  is  a  light-yellowish  limestone, 
presenting  a  very  uneven  or  cavernous  surface  as  a  result  of  unequal 
weathering.  The  strata  are  nearly  if  not  quite  horizontal,  and  weather 
from  yellow  to  brown  or  almost  black  as  a  result  of  the  iron  present. 
Sheila  of  various  species  of  brachiopods  are  somewhat  numerous.  A 
number  of  the  fossil  remains  collected  have  been  determined  by  Dr. 
Ami  as  follows: — 

Clathrodictyon  fastigiatum,  Nicholson. 
Favorites  gothlandica,  Lamarck. 
Syringopora  verticillata,  Goldfuss. 
Crinoidal  fragments. 
Leptcena  rhomboidalis,  Wilckens. 
Atrypa  reticularis,  Linnaeus. 
Meristella,  sp. 

Anoplotheca  hemispherica,  Sowerby. 
Pterinea,  sp. 

Also  branches  of  obscure  Monticuliporida?. 

This  fauna  represents  the  Clinton,  or  base  of  the  Niagara,  or  lower 
part  of  the  Silurian. 

The  northern  and  western  points  of  Chief  island  rise  into  com- 
paratively high  ridges  of  massive  quartzose  sandstone  or  quartzite- 
grit  which  present  the  usual  rounded  and  glaciated  outlines.  Sheltered 
in  the  bay  intervening  between  these  two  points  is  a  small  patch  nf 
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boulder  conglomerate,  composed  of  sub-angular  masses  derived  from 
the  underlying  quartzite.  These  are  embedded  in  a  calcareo-arena- 
ceous  matrix  composed  chiefly  of  pebbles  and  finer  material,  the  whole 
representing  evidently  a  boulder-strewn  beach  covered  by  later  sedi- 
ments of  the  Niagara  formation.  The  surface  of  the  quartzite  on 
which  this  conglomerate  rests  presents  the  hummocky  character  go 
common  in  the  case  of  the  hard  Archaean  btrata,  the  irregular  cracks 
and  depressions  being  filled  by  the  conglomerate.  Subsequent  glacia- 
tion  has  removed  much  of  the  material,  bo  that  the  exposure  now 
presents  a  plane  surface  with  a  more  or  less  net-like  structure,  the 
framework  being  presented  by  the  finer  arenaceous  cement,  while 
the  meshes  or  interstices  are  occupied  by  truncated  sections  of  quartz- 
ite boulders,  as  well  as  of  the  rounded  hillocks  of  the  solid  rock 
beneath.  Some  of  the  boulders  present  in  this  conglomerate  were 
evidently  large  concretions,  as  they  exhibit  concentric  structure  and 
weather  very  rusty  owing  to  the  disintegration  of  the  large  proportion 
of  iron  present.  The  finer  cementing  material,  while  relatively  much 
smaller  in  amount  than  the  pebbles  and  boulders,  is  always  of  a 
greenish  or  yellowish  colour  and  frequently  contains  corals  and 
orthoceratites.  The  action  of  the  weather  has  partially  obliterated 
the  glacial  stria?  on  this  finer  matrix  but  the  sections  of  the  quartzite 
boulders  and  hummocks  exhibit  these  markings  in  great  perfection. 

On  the  southwestern  shore  of  Chief  island  is  another  small  patch 
of  a  finer  grained  conglomerate,  the  pebbles  of  quartzite  being  less 
numerous  and  of  much  smaller  size,  while  the  matrix  contains  much 
more  calcareous  matter.   The  rock  dips  southeast  <  5°. 

A  number  of  rather  badly  preserved  fossils  were  secured  at  this 
locality,  which  have  been  named  as  follows  by  Dr.  Ami  :— 

Haly  sites  catenularia,  Linnaeus. 

Columnaria,  sp.,  with  very  irregularly  disposed  horizontal  tabula?. 

Zaphrentis,  sp. 

Streptelasma  or  Caninia,  sp. 

Rhynchonella,  sp. 

Murchisonia,  two  species. 

Euomphalu8,  very  large  species. 

Ditcosorus,  Cf.  D.  conoideus,  Hall. 

The  above  fauna  represents  the  Clinton  formation  or  lower  portion 
of  the  Niagara. 

On  the  east  side  of  the  lake,  from  the  point  aouth  of  Chief  island 
to  within  less  than  a  quarter  of  a  mile  from  Picha  point,  the  shore  is 
occupied  by  a  narrow  fringe  of  the  basal  conglomerates  and  sand- 
stones of  the  Niagara.    The  coarser  beds  are  of  tbo  bouldor  con- 
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glomerate  already  described,  representing  simply  a  talus  of  angular 
and  sub-angular  fragments  detached  from  the  elevations  in  the  im- 
mediate vicinity  of  the  exposures,  consolidated  together  by  a  finer 
grained  arenaceous  cement  of  a  yellowish  colour,  in  which  are  also 
embedded  fragments  of  corals  and  orthoceratites. 

This  boulder  conglomerate  passes  upward  into  a  fine  conglomerate, 
in  turn  replaced  by  a  coarse  grit,  and  becoming  finally  a  yellowish 
rather  friable  sandstone.  These  beds  run  in  long  undulating  curves, 
closely  following  the  general  outline  of  the  underlying  quartzite, 
with  a  general  westerly  dip  at  angles  varying  from  10°  to  15°.  The 
action  of  the  waves  has  in  places  caused  this  to  disintegrate  very 
unevenly  leaving  a  rough  pitted  surface.  At  Piche  point  and  for  some 
distance  north  the  Huronian  quartzite  is  left  entirely  denuded  of 
these  deposits. 

In  the  bay  to  the  south  of  Piche"  point,  and  between  this  and 
Wright's  silver  mine,  there  are  two  small  patches  of  thinly  bedded 
light-yellow  arenaceous  limestone  dipping  in  a  southerly  or  south- 
westerly direction  <  5°;  immediately  south  of  Wright's  mine  is 
ai.other  small  patch  of  similar  arenaceous  limestone  dipping  south- 
west <  9°. 

On  the  east  shore  of  the  lake,  nearly  opposite  Bryson  island,  there 
are  two  more  small  patches  of  the  arenaceous  limestone  exposed  rt 
the  shore,  wrapping  round  the  hummocks  of  Huronian  quartzite  and 
dipping  in  a  southerly  or  southwesterly  direction  <  5°.  None  of 
these  small  patches  of  limestone  contained  any  visible  fossil  remains. 

On  Mann  island,  as  also  on  the  two  small  islands  between 
this  and  Bryson  island  (Oster  and  Brisseau  islands),  as  well  as 
on  the  high  promontory  separating  Wabbi  and  Sutton  bays  in  the 
northern  part  of  the  lake,  are  exposed  the  limestones  and  shales 
that  represent  the  deep-water  deposits  of  this  period.  The  limestone 
is  of  a  pale-yellow  or  cream  colour,  weathering  whitish,  and  varies 
in  thickness  from  a  few  inches  up  to  two  feet  or  over.  Some  of  the 
beds  are  very  fine-grained  and  of  rather  even  texture,  and  it  is  pos- 
sible that  some  parts  may  prove  to  be  sufficiently  uniform  for  use 
as  lithographic  stone.  As  a  building  stone  it  is  of  excellent  quality. 
These  limestones,  on  the  north  shore  of  the  lake  at  Dawson  point,  dip 
a  little  south  of  west  at  an  angle  of  between  one  and  two  degrees, 
rising  into  cliffs  of  over  a  hundred  feet  in  height  on  the  west  side  of 
Sutton  bay,  and  forming  a  somewhat  elevated  rocky  plateau  with  a 
gentle  westerly  slope,  corresponding  mainly  with  the  angle  of  dip 
towards  Wabi  bay.  The  east  shore  of  Mann  island  presents  a  some- 
what similar,  though  much  lower,  escarpment,  while  the  western  shore 
is  a  gently  shelving  beach,  which  at  low  water  reveals  considerable 


126i 


NIPISSING  AND  TIMISKAMIXG  REGION 


areas  of  the  almost  horizontal  limestones.  Some  of  the  beds  contain 
a  considerable  proportion  of  silica  pf  a  cherty  character,  and  all  the 
fossils  are  more  or  leas  silicitied.  The  action  of  the  weather  causes 
them  to  stand  out  in  relief  and  often  displays  their  minute  structures 
perfectly.  A  large  collection  of  these  fossils  was  made  along  the 
western  shore  of  Mann  island,  comprising  the  following  forms  :^s 
determined  by  Dr.  Ami  and  Mr.  L.  M.  Lambe:— 

Bythotrephis  (Chondrites)  gracilis,  Hall. 

Cf.  B.  palmata,  Hall. 
Clathrodictyon  fastigiatum,  Nicholson. 
Cyathophyllum  articulalum,  Wahlenberg. 

u        americana,  Milne-Edwards  and  Haime. 
Favosites  gothlandica,  Lamarck. 
Alveolites  niagarensis,  Rominger  (non  Nicholson). 
Cladopora  crassa,  Rominger. 
Syringopora  verticillata,  Goldfuss. 

"         bifurcate,  Lonsdale. 
Haly sites  catenvlaria,  Linnseus. 

"       compacta,  Rominger. 
Lyellia  affinis.  Billings. 

"        Americana,  Milne- Edwards  and  Haime. 
Thysanocrinus  liliiformis,  Hall. 
Dendrocrinus  longidactylus,  Hall. 
Taxocrinus  n.  sp. 
Lichenalia  concentrica,  Hall. 
Plurnopora  expansa,  Hall. 
Trematopora  sp. 

Orthis  (Dalmanella)  elegantula,  Dalman. 
Orihis  calligramma,  Dalman. 
Platystrophia  biforata,  var.  lynx,  Eichwald. 
Strophomenoid  shell,  type  of  Rafinesquina. 
Stropheodonta  sp.  ( \  n.  sp.) 
Leptatna  rhomboidalis,  Wahlenberg. 
Atrypa  reticularis,  Linname. 

"     intermedia,  Hall. 
Trematospira  sp. 
Pentamerus  oblongus,  Sowerby. 
Euompkalus  alatxts,  Hisinger. 
Murchisonia  sp. 

*'         subulala,  Hall. 
Discosorus  conoideus  Hall.  r 

"        gracilis  f  Foord. 
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Orthocera*,  sp. 

"        sp..  Cf.  0.  virgulatum,  Hall. 
Orthoceras  Cf.  0.  ctufmu*,  Billings.    Cf.  0.  *uo-canceWa*um, 
Hall. 

Actinoceras  vertebratum,  Hail.  .  A.  Backi,  Stokes. 

Calymene  niagarensis,  Hall.    Probably  identical  with  Calymene 

blumenbachii,  Brongniart, 
Beyrichia,  «p.  Cf.  B.  lata,  Hall. 


PLEISTOCENE. 

The  Pleistocene  history  of  this  and  adjacent  regions  seems  to  be  in 
the  main  divisible  into  two  parts.  (1)  That  of  great  accumulation  of 
snow  and  the  production  and  maintenance  of  a  confluent  ice-sheet. 
This  is  believed  to  have  been  accompanied,  if  not  caused,  by  a  vast 
regional  uplift,  increasing  in  amount  to  the  northeastward.  Follow- 
ing this  came  (2)  a  profound  submergence,  during  which  time  the 
ocean  invaded  a  large  portion  of  the  Ottawa  valley,  forming  a  marine 
gulf  rivalling  in  extent  and  depth  similar  encroachments  made  by 
the  sea  during  portions  of  the  Palaeozoic.  The  researches  already 
made  seem  to  show  that  channels  may  have  connected  that  portion  of 
the  ocean  covering  the  St.  Lawrence  and  Ottawa  valleys  with  that 
existent  in  Hudson  bay,  while  the  marine  invasion  may  have  been 
continuous  over  a  vast  inland  basin  represented  at  present  in  part 
by  the  area  of  the  Great  lakes. 

Taylor,  Chalmers,  Gilbert,  Wright,  Spencer  and  others  have  been 
at  work  in  this  and  neighbouring  districts  connecting  and  correlating 
the  beaches  representing  the  various  stages  of  this  submergence,  but 
it  is  only  possible  within  the  scope  of  the  present  report  to  point  out 
in  the  most  general  way  some  of  the  important  results  obtained. 
Taylor  has  «hown  that  immediately  following  the  retirement  of  the 
great  ice-sheet  which  marked  the  first  part  of  the  Pleistocene,  and 
to  which  reference  will  shortly  be  made,  an  important  strait  or  arm 
of  the  sea  covered  the  Mattawa  and  Timiskaming  valleys,  while  later, 
as  the  flood  subsided  and  the  ice  receded  from  parts  of  the  area  pre- 
viously held  by  it,  most  of  the  waters  of  the  Great  lakes  emptied  for 
a  considerable  time  eastward  into  the  Ottawa  through  the  Mattawa 
valley.  Beaches  marking  the  successive  stages  in  the  subsidence  are 
well  exposed  on  the  hillsides  to  the  north  and  south  of  Lake  Nipiss- 
ing,  especially  in  the  vicinity  of  North  Bay,  where  they  were  found 
and  described  by  Taylor  and  Wright,  while  the  valleys  of  both  the 
Hklattawa  and  Ottawa  rivers  present  many  evidences  of  having  been 
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occupied  for  a  somewhat  protracted  interval  by  a  stream  rivalling, 
if  not  exceeding,  the  St.  Lawrence  in  volume. 

In  the  present  report  the  existence  is  assumed  of  a  vast  superin- 
cumbent glacier,  of  which  the  chief  gathering-ground,  as  indicated 
by  existing  stri»  and  distribution  of  drift  material,  was  situated 
directly  over  the  watershed  between  Hudson  bay  and  the  St.  Law- 
rence river.  This  hypothesis  appears  to  offer  the  most  satisfactory 
and  comprehensive  explanation  of  the  various  phenomena,  while  at 
the  same  time  it  is  one  in  accord  with  views  that  have  already  receiv- 
ed most  general  recognition  among  the  students  of  Pleistocene 
geology. 

Although  thus  generally  agreed  as  to  the  agency  producing  the 
various  results  encountered,  a  considerable  diversity  of  opinion  exists 
among  geologists  as  to  whether  the  large  number  of  observations  al- 
ready made  can  be  adequately  explained  on  the  theory  of  one  great 
ice-flow  with  minor  oscillations,  or  of  several  distinct  epochs  of  glaci- 
ation,  each  with  its  own  proper  ice-mass  and  separated  from  one 
another  by  interglacial  periods  during  which  much  milder  climatic 
conditions  prevailed.  The  information  obtained  from  the  examin- 
ation of  this  district  is  not  sufficient  to  afford  a  basis  of  argument  in 
favour  of  either  view.  It  is,  however,  easy  to  understand  that  while 
areas  situated  near  the  extreme  border  of  the  ice-sheet  may  have  en- 
joyed comparatively  long  interglacial  periods,  during  which  tho 
climate  was  of  such  genial  character  as  to  permit  and  favour  the 
growth  of  a  somewhat  luxuriant  vegetation,  others,  in  regions  farther 
removed  to  the  northeast  and  near  the  centre  or  centres  of  accumu- 
lation, showed  very  little,  if  any,  amelioration  of  temperature.  The 
divergence  in  existing  stria?  observed  throughout  this  district  seems 
perfectly  explicable  on  the  theory  of  differing  phases  of  one  great 
glacier,  with  comparatively  short  intervening  lapses  of  time  during 
its  temporary  recession  and  subsequent  re-advance. 

As  the  position  of  these  first-formed  ice-masses  would  of  necessity 
be  largely  determined  by  the  position  of  the  highest  land  then  ex- 
istent in  this  region,  it  is  probable  that  very  early  in  the  Glacial 
period  there  were  two  main  gathering  grounds  or  centres  of  disper- 
sion for  such  ice.  These  would  be  situated  respectively  in  the  area 
to  the  northwest  of  Lake  Timiskaming,  in  the  vicinity  of  the  '  Great 
bend'  of  the  Montreal  river,  and  the  high  quartzite  ridges  to  the 
west  of  Lady  Evelyn  lake,  and  on  the  high  rocky  hills  known  to 
exist  in  the  vicinity  of  the  hight-of-land  to  the  northwest  of  Lake 
Timiskaming.  It  is  probable  that  early  in  the  ice  age  these  local 
centres  sent  out  glaciers  which  flowed  over  the  lower  lands  and 
valleys  to  the  south,  and  may  have  been  the  cause  of  some  of  the  striae 
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observed  on  the  rock-surfaces  exposed  in  the  valley  of  the  Montreal 
river,  as  well  as  on  the  shores  of  Lake  Timiskaming.  Although  it  is 
possible  that  all  such  evidences  may  have  been  so  obscured  in  the  pro- 
found general  glaciation  which  followed  as  to  render  their  recogni- 
tion and  correlation  matters  of  extreme  difficulty.  We  may  suppose 
that  glaciers  of  the  kind  above  referred  to,  increasing  under  favour- 
able conditions,  eventually  coalesced  as  parts  of  one  great  ice-sheet, 
of  which  the  distributing  centre  may  have  been  gradually  shifted 
eastward  towards  the  neighbourhood  of  Opasatika  and  Labyrinth 
lakes  on  the  canoe-route  to  Lake  Abitibi.  There  is  likewise  sufficient 
evidence  afforded  by  a  study  of  the  later  striations,  that  must  have 
been  caused  by  temporary  re-advances  in  the  waning  ice-sheet,  that 
this  eastward  shifting  of  the  main  gathering-ground  must  have  slow- 
ly continued,  while  the  final  recession  was  almost  directly  northeast. 

It  is  now  a  well  ascertained  fact  that  the  motion  of  ice  is  one  re- 
sulting from  its  plasticity,  resembling  substantially  the  movement 
which  obtains  in  an  extremely  thick  and  viscid  fluid  when  spread 
upon  any  surface  and  a  supply  of  fresh  material  constantly  added. 
It  is,  therefore,  obvious  that  any  inclination,  however  slight,  of  the 
underlying  surface,  or  the  interposition  of  natural  barriers  at  or  near 
the  sources  of  supply,  were  in  the  first  instances  the  determining 
causes  of  the  general  direction  of  the  ice  flow.  This  onward  motion 
once  imparted  was  continued,  and  depended  subsequently  not  so 
much  on  the  nature  of  the  land  surface  on  which  the  glacier  reposed 
as  upon  the  general  slope  of  the  upper  surface  of  the  glacier,  which 
inclination  was  imparted  as  a  result  of  the  unequal  accumulation 
of  material  at  the  centres  of  dispersion.  To  the  north  and  northeast  of 
Lake  Timiskaming  the  various  passes  or  valleys  leading  northwards 
•cross  the  heigh  t-of -land  are  a  little  less  than  1000  feet  above  the  sea, 
although  the  rocky  elevations  in  the  immediate  neighbourhood  rise 
in  general  from  200  to  500  feet  higher,  while  some  of  the  hills  in  the 
vicinity  of  Labyrinth  and  Opasatika  lakes  show  an  elevation  of  over 
600  feet  above  the  surrounding  lakes.  If  added  to  the  general  sloi>c 
thus  obtained  be  taken  the  rise  consequent  on  a  differential  uplift 
gradually  increasing  in  a  northerly  direction,  the  resulting  slope 
•would  be  sufficient  to  compel  a  somewhat  rapid  southwesterly  flow 
in  any  glacier  formed  in  this  vicinity,  while  in  addition  it  is  probable 
that  an  ever  increasing  supply  of  icy  material  to  the  northeast 
might  so  accelerate  this  onward  motion  that  even  the  interposition  of 
such  formidable  natural  barriers  as  the  deep  gorge  of  Timiskaming 
must  have  been,  with  its  steep  opposing  slope,  only  serverl  as  temp- 
orary checks. 

This  great  ice-sheet  acted  as  an  important  agent  of  transportation, 
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catching  up  and  carrying  forward  large  quantities  of  clay,  sand, 
gravel  and  boulders  from  the  higher  elevations  on  the  north  to  fill  up 
the  various  inequalities  of  contour  existing  farther  south.  The  drift 
material,  though  varying  very  much  in  this  region,  is  as  a  rule 
very  coarse  on  the  higher  levels  and  on  the  hill-sides  facing  towards 
the  south  and  southwest.  On  these  higher  levels  the  ground  is  very 
much  encumbered  by  more  or  less  rounded  or  <mbangular  boulders 
which  usually  do  not  show  transportation  from  any  great  distances; 
although  by  a  careful  comparison  of  the  material  of  this  drift  it  was 
ascertained  that  many  of  these  loose  fragments  had  been  carried  as 
much  as  fifty  or  sixty  miles,  in  a  direction  closely  corresponding  with 
the  striation  marking  the  maximum  extension  of  the  ice-sheet  over 
this  district.  Thus,  loose  fragments  of  tne  buff-coloured  limestone 
with  characteristic  nodular  cherty  matter,  known  to  occur  in  a  patch 
of  somewhat  limited  area  in  the  vicinity  of  the  northern  part  of  Lake 
Timiskaming,  were  found  on  Marten  or  Crooked  lake  in  the  town- 
ship of  Gladman,  a  distance  of  over  fifty  miles  from  where  such  rock 
is  now  found  in  place.  The  distribution  of  these  characteristic  frag- 
ments, which  are  an  especially  valuable  criterion  of  the  direction  of 
ice-flow  on  account  of  the  known  limited  extent  of  this  Silurian 
outlier,  shows  that  the  agency  which  affected  their  transportation  had 
a  direction  of  movement  varying  from  S.  7°  W.  to  S.  18°  W.,  thus 
agreeing  very  closely  with  the  most  abundant  and  pronounced  strise. 
On  Lake  Nipissing  the  various  shales  and  greywackes  characteristic 
of  the  Huronian  exposed  in  the  area  of  the  Lake  Timiskaming  map- 
sheet,  are  rather  plentifully  represented  among  the  loose  boulders 
fringing  the  shores. 

The  stratified  sands  and  clays  so  abundant  in  the  area  to  the  north 
of  Lake  Nipissing,  as  well  as  those  in  the  vicinity  of  the  Veuve  river, 
were  probably  deposited  very  rapidly  from  streams  issuing  from  the 
margin  or  front  of  the  retreating  glacier,  as  was  likewise  no  doubt 
the  case  with  the  thick  and  widespread  deposits  of  stratified  clay 
which  forms  such  extensive  flats  in  the  region  bordering  the  northern 
portion  of  Lake  Timiskaming.  The  traces  characteristic  of  the 
occurrence  of  these  clay  deposits  to  the  north  of  Lake  Timiskaming 
mi  rely  serve  as  marks  accentuating  the  various  stages  or  haltings  in 
the  ice-sheet,  of  which  the  margin  was  buried  beneath  the  rising 
waters,  thus  permitting  and  even  favouring  such  a  mode  of  deposi- 
tion of  the  englacial  detritus.  Especially  along  the  course  of  the 
Ottawa  and  Timiskaming  valley  the  region  exhibits  frequent  great 
accumulations  of  morainic  debris  marking  the  recession  of  the  ice- 
lobe  occupying  this  deep  and  important  depression.  These  deposits 
from  the  drift-laden  glaciers  are  described  in  some  detail  in  the 
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geological  description  covering  the  area  immediately  bordering  theso 
topographical  features. 

Besides  the  removal  and  transportation  of  boulders,  gravel  and 
other  material,  there  is  abundant  evidence  everywhere  of  considerable 
abrasion  of  the  surface  produced  by  the  passage  of  the  ice-sheet 
across  this  district.  Throughout  the  whole  area  covered  by  the  ac- 
companying map- sheets  most  of  the  rocky  elevations  have  been 
smoothed  and  in  many  cases  even  polished,  while  scratched  or  striated 
surfaces  are  also  common.  These  striae  are  usually  long,  more  or  less 
parallel  scratches,  varying  in  size  from  extremely  fine  lines  which 
can  often  only  be  detected  by  very  close  scrutiny,  to  furrows  sever*! 
inches  in  depth  and  width.  They  have  in  general  a  somewhat  con- 
stant direction  except  in  the  vicinity  of  deep  and  narrow  valleys, 
where  they  frequently  show  considerable  divergence  from  the  average 
direction  of  the  district  Many  of  these  stria?  consist  of  a  series  of 
irregular,  curving  and  often  faint  scratches,  as  if  occasioned  by  an 
uncertain  or  intermittent  action,  while  some  of  the  deeper  and  more 
pronounced  furrows  exhibit  irregular  broken  cavities  at  intervals  in 
their  course  as  though  produced  by  a  "bumping"  action  caused  by 
hitches  in  the  rocky  implement  producing  them. 

Ledges  and  ridges  which  have  been  long  exposed  to  the  action  cf 
the  weather  usually  reveal  little  or  no  evidence  of  such  striation  on 
account  of  the  sub-aerial  decay  to  which  the  rock  has  been  subjected, 
while,  on  the  contrary,  rock  exposures  which  have  been  but  lately 
denuded  of  their  overlying  soil,  as  well  as  those  portions  of  the  rocky 
shores  of  the  various  lakes  and  streams  exposed  only  between  extremes 
of  high  and  low  water,  usually  exhibit  such  markings  in  great  per- 
fection. The  various  gneisses  and  granites  of  the  Laurentian  areas 
are  so  faintly  marked,  if  at  all,  that  the  direction  of  the  striae  can 
seldom  be  ascertained  with  any  degree  of  certainty.  There  seems  na 
reasonable  doubt  that  such  markings  were  originally  present,  as  under 
the  favourable  conditions  already  mentioned  they  are  often  plainly 
discernible,  but  as  a  rule  prolonged  atmospheric  decay  has  so  acted 
on  exposed  surfaces  of  these  rocks  that  their  surfaces  have  become 
roughened.  On  the  other  hand,  on  exposures  of  Huronian  rocks  such 
as  slate,  greywacke,  quartzite  and  especially  diabase  and  gabbro, 
these  glacial  markings  are  very  frequently  to  be  observed  in  all  their 
pristine  freshness.  In  many  localities,  particularly  in  the  area  cover- 
ed by  the  Lake  Timiskaming  sheet,  there  are  two,  three  and  even 
four  sets  of  stria?  on  the  same  rock-surface,  differing  somewhat  in 
direction,  and  marking,  as  a  rule,  but  slight  changes  in  the  direction 
of  the  ice-flow,  during  successive  re-advances  of  the  iee-sheet.  The 
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correlation  of  such  strise  is  usually  exceedingly  difficult  and  unsatis- 
factory, as  the  intervening  lapse  of  time  denoted  by  these  divergences 
was  doubtless  of  comparatively  short  duration. 

It  is  probable,  as  has  been  stated,  that  early  in  the  ice  age  glacier* 
of  the  alpine  type  occupied  the  high  hills  of  diabase  and  gabbro  in 
the  vicinity  of  the  height-of-land  immediately  west  of  the  canoe-route 
between  Lac  des  Quinze  and  Abitibi,  as  well  as  on  the  high  ridges  of 
quartzite-grit  to  the  west  of  Lady  Evelyn  lake,  of  which  Maple 
mountain  is  the  most  prominent  eminence.  The  stria?  which  have 
the  closest,  correspondence  with  the  general  trend  of  the  valley  of  Lake 
Timiskaming  and  the  Ottawa  river  were  possibly  caused  by  such  a 
local  glacier,  as  these  markings  are  earlier  than  those  which  trend  to 
the  east  on  the  one  hand  or  to  the  west  on  the  other.  The  striae 
marking  the  main  advance  of  the  ice-sheet  in  this  region  show  a 
general  trend  of  about  S.  14°  W.,  but  many  of  the  observations  noted 
present  a  marked  divergence  from  this  general  direction,  especially 
those  made  in  the  vicinity  of  lakes  and  streams  where  these  ice  mark- 
ings show  an  unfailing  tendency  to  conform  very  closely  to  the  direc- 
tion of  the  enclosing  valleys. 

The  earliest  of  these  southwesterly  ice  markings  are  those  which 
run  nearly  south,  the  direction  of  ice-flow  showing  a  gradual  change 
in  the  direction  of  successive  re-advances,  following  temporary  reces- 
sions, from  a  little  west  of  south  to  almost  directly  southwest. 

In  the  area  covered  by  the  northern  and  central  portions  of  the 
Lake  Timiskaming  sheet  there  are  many  lakes  whose  general  trend 
makes  but  a  small  angle  with  the  average  direction  of  ice-flow 
while  their  containing  valleys  are  narrow,  rocky  and  steep.  The 
northern  part  of  Timagami,  Waibikaiginaising  and  Wakemika  lakes 
may  be  cited  as  examples  where  the  glacial  stria;  show  a  general 
direction  of  a  little  east  of  south,  in  this  respect  showing  the  marked 
influence  of  topographical  outline. 

In  the  subjoined  list,  which  is  necessarily  brief  and  incomplete, 
consisting  of  observations  made  during  an  exploration  whose  primary 
object  was  to  map  out  and  report  upon  the  various  subdivisions  of 
the  Archaean  rocks,  an  attempt  has  been  made  wherever  possible  to 
tabulate  in  regard  to  their  age  the  various  stria?  observed.  Where 
two,  three,  and  even  four  sets  are  noted  as  occurring  on  the  same 
rock-surface,  the  order  in  which  they  appear  is  believed  to  represent, 
with  approximate  accuracy,  their  relative  ages  from  the  oldest  to 
the  most  recent. 
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List  of  Glacial  Stria?. 
Lake  Timiakaming. 

Wabis  bay,  west  Bhore  of,  on  lot  10,  con.  V.    Buckle  township  {s45=  W 

Wabia  bay,  east  shore  of,  on  lot  2,  con.  I.    Harris  township   S  19°  E 

Sutton  bay,  northeast  shore  of,  on  lot  8,  con.  V.    Harris  tp   6  bV  E 

East  share,  west  of  Apika  creek,  on  lot  38,  con.  I.    Guigues  tp          S  81°  E 

Chief  island,  east  shore  of   I  S  36*  E 

Chief  island,  north  shore  of  \  S  66°  E 

/S  14"  E 

Chief  island,  west  shore  of   '  S  48°  E 

IS  54°  E 

East  shore,  on  lot  31,  con.  I.    Guigue*  township   .  .     S  32"  E 

Piche  point,  south  of,  on  lot  12,  con.  I.    Guigues  township  -  2  7r*  j? 


I  S  463  E 

 •  ......    .  (  g  jjj,,  p 

Wright's  mine,  (Lake  Timiskaming  Silver  mine)  on  lot  62,  con.  I. .      «)»  h 
Duhamel  township  "Block  A   ( S  GO"  E 

Joanne  bay,  east  shore  of,  on  lot  58,  con.  I.    Duhamel  township. . .  -[  y  ^  $ 

(  S  26°  K 

East  shore,  c»n  lot  54,  con.  I.  Duhamel  township    (South 

East  shore,  at  Narrows  with  Bryson  island  on  lot  44,  con.  I.  Duha- 
mel township   . .  . .  S  21°  E 

East  shore,  opposite  Drunken  island,  on  lot  31,  con.  I.  Duhamel 

township   ...  S  4°  W 

West  shore  on  lot  14,  con.  IV.    Lorraine  township   S  4°  W 

West  shore  on  lot  12,  con.  VI.    Lorraine  township   S  21s  E 

West  shore  on  lot  11,  con.  VII.    Lorraine  township.  {  S  18°  W 

West  shore,  on  lot  15,  con.  1.    Bucke  township  !  S  26°W 

Laperriere  bay,  north  shore  of,  4  a  mile  east  of  old  H.  B.  Co's  post,  i  S  21°  K 
on  lot  7,  con.  II.    Duhamel  township  I  S  6°  W 

Islet  near  east  shore  about  1  mile  southeast  of  Roche  McLean  |  s  32°  W 

Roche  McLean,  near  west  shore   S  10°  E 

West  shore  opposite  Roche  McLean   S  4°  E 

West  shore  1}  miles  north  of  Montreal  river   S  4J  W 

West  shore  1$  miles  south  of  Montreal  river  ■  {s  19»W 

Quinze  river. 

( S  21"  F 

Islet  opposite  North  Timiskaming  P.O.    Near  southeast  shore  •!  ^  ^>  g 

At  second  rapid  above  Lake  Timiskaming   S  50°  E 

On  new  road  to  Lac  dca  Quinze,  6  miles  east  of  First  rapid  on 

River  des  Quinze   S  47°  E 


Lake  Timagami. 

(S  4°W 

Northeast  arm,  west  end  of  portage  to  Caribou  lake  ■!  8  14°  W 

(S19°W 

Northeast  aim,  island  in  south  narrows,  two  miles  west  of  portage 

to  Caribou  lake   S16°W 

Northeast  arm.   islet  near  south   shore,  $   mile   southeast  of/SlO°W 
Ferguson  island  1  S  2ft,  W 

Northeast  arm,  island  east  of  Broom  island   S  14°  W 

Northeast  arm,  point  on  south  shore  £  mile  southeast  of  Broom  I  S  9°  W 
island  \S24°W 

Ko-ko-ko  bay,  east  shore  of,  1J  miles  south  of  north  end   S  9"W 
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Ko-ko-ko  bay,  islet  near  centre,  2ft  miles  south  of  north  end   S  14°  W 

Ko-ko-ko  buy,  inlet  near  west  side,  3ft  miles  south  of  north  end  . .  8  8°  W 

Ko-ko-ko  bay,  east  shore  of,  3ft  tuilet>  south  of  nc»rth  end   S  6°  W 

Ferguson  bay,  east  side,  near  southern  end   8  r  E 

Ferguson  bay,  point  on  west  shore  lj.  miles  south  of  Ferguson  point]  |  pyj 

Sandy  inlet,  i»oint  on  southeast  shore  J  mile  east  of  Ferjruson  jwint.  1 1  ^  j} 

[  S  1°  F 

Sandy  inlet,  north  eastshore,  near  month  of  Annima-Nipissing  river  { gigo  j£ 

Whitefish  bav,  east  shore,  1J  miles  south  of  creek  from  Whitehall  j  S  11"  E 
lake....!.....  \S  4«W 

Whitefish  bay,  point  on  west  shore  \  niile  southwest  of  creek  from 

Whitefiab  lake     S  28°  E 

Whitefish  bay,  islet  in,  nearly  1  mile  south  of  creek  from  WkiteSah  I  S  1"  E 
lake    ISl^E 

North  arm,  point  on  west  shore,  \  mile  south  of  Deer  island  I  8  14°  K 

Southwest  arm,  island  near  north  end  of    S  19°  E 

Southwest    arm,  east  shore   of,  2  miles  southwest  of  Narrows  ( 8  93W 
island  lS19nV 

Southwest  arm,  east  shore  of,  5  miles  northwest  of  south  Aid  {s  14"  W 

I*let  lft  miles  southwest  of  Hudson's  Bay  Co's  post  


(8  46W 

{s  irw 

(S29W 
8 

■8 

S 

High  Rock  island,  southeast  shore  of   .  .  {  g  29°  W 


Islet  1?  miles  east  of  Hudson's  Bay  Co.'s  post   8  9'  W 

fS  1°E 

Islet  near  north  end  of  Island  bay  {  8  12°  W 

1S29'W 

Portage  near  south  end  of  McLean  peninsula   S  4°  W 


Cross  lake. 

West  shore  of  lake,  1£  miles  south  of  Timagami  River  inlet             S  5*  W 

North  point  of  island,  If  miles  south  of  Timagami  River  inlet  ...    8  3*  W 

( S  00  F 

East  shore  of  same  island,  2  miles  south  of  Timagami  River  inlet. .  j  ^  y£ 

West  shore,  A  mile  north  of  Timagami  River  inlet ...    S  IS*  W 

( S  2°  F 

Wtst  shore,  1|  miles  south  of  Timagami  River  inlet.  jg  $>\y 

t  S  11°  W 

Small  island  near  weat  shore  1}  miles  north  of  Timagami  River  inlet  j  g  ^  yy 

Point  on  weat  shore  1J  miles  north  of  Timagami  River  inlet.  ....    S  6°  W 
Area  Southeast  of  Lake  Timagami. 

Island  near  southeast  end  of  Jumping  Caribou  lake     S  14°  W 

Marten  lake,  southwest  shore  of,  ft  mile  northwest  of  north  town- 
line  of  McLaren     8  20°  W 

Islet  in  Red  Cedar  lake,  lot  6,  con.  VI.,  Thistle  township  I  8  12°  W 

Tomiko  lake,  northwest  shore  of,  on  lot  5,  con.  1.,  Fell  township. .    8  15°  W 

(8  4"  W 

Moxatn  lake,  northeast  shore  of   <  8  22°  W 

(8  29*  W 

Expectation  lake   H  22"  W 

Simpson  lake,  at  outlet  of       8  22°  W 

Simpson  lake,  islet  near  northeast  end  of   8  22"  W 

Mackenzie  lake,  islet  near  east  end  of     . .    S  22°  W 

Mackenzie  lake,  east  end  of   8  14°  W 

Breadalbane  lake   8  21°  W 

Bush  lake  (near  headwaters  of  Ottertail  creek)  .    ...   8  80°  W 

Poplar  lake,  west  shore  of,  on  lot  2,  con.  111.,  (Jladman  township   8  30g  W 

Kaotisine waning  lake,  *outh  shore  of,  in  Notman  township   S  7*  W 

Red  Water  lake,  west  side  of,  near  jf  mile  from  outlet   S  20"  W 
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Lake  Ni pissing. 

Goose  island*   .     •  •  {  |  if  W 

Manitou  islands,  most  easterly  isb»t  of     South 

Small  islands  in  Goulais  bay   S  15°  W 

(kmUis  point  .   S  25°  W 

Small  island  opposite  lot  3,  con.  C,  Caldwell  township   S  19°  W 

North  shore  of,  on  lot  7.  con.  C,  Caldwell  township   S  26°  W 

North  shore  of,  on  lot  11,  con.  C,  Caldwell  township   S  25°  W 

Point  on  west  shore   S  30°  W 

Southeast  shore  of  Bear  bay,  opposite  Maskinonge^  island   S  10°  W 

I>eer  bay,  south  shore  of  (west  arm)     S  203  W 

North  shore  of,  on  lot 6,  con.  C,  Springer  township   S  14°  W 

North  shore  of,  on  lot  5.  con.  C,  Springer  township   S  12"  W 


North  shore  of.  point  3$  miles  east  of  Dukis  point   S  W 

North  shore  of,  point  4  miles  east  of  Dukis  point   S  14°  W 

Clark  (Sandy)  island,  near  western  end  j  S  35°  \V 

Hardwood  islands,  west  end  of   . .  .    S  20"  W 

Island  east  of  east  end  of  Hardwood  islands   S  25'  W 

South  bay,  east  shore  of   S  231  W 

Lady  Evelyn  lake  and  vicinity. 

Point  on  north  side  of  largest  island  in  Lady  Evelyn  lake,  3  miles 

southwest  of  Obisaga  narrows   S  4°  W 

Island  in  Lady  Evelyn  Take,  3^  miles  south  of  Obisaga  narrows. . .    S  6'  W 

Southwest  shore  Nonwakaming  lake,  3  miles  west  of  inlet  (  S  21°  W 

Island  near  east  shore  Nonwakaming  lake,  about  2  miles  north- 1  S  3a  W 
west  of  inlet   1  S  20°  W 

West  shore  Wakemika  lake  J  g  ^  f| 

I  8  **3°  F 

South  shore  Wakemika  lake .   '!  S  17°  E 

Turner  lake,  southeast  shore  of   .    S103  W 

Area  northeast  of  Lake  Timagami. 

Net  lake,  east  shore  of,  near  north  end   S  4'  W 

Loon  lake,  south  end  of   8  3'  W 

Ko-ko-ko  lake,  east  shore  of,  $  mile  north  of  outlet   S  18°  W 

Ko-ko  ko  lake,  east  shore  of,  2f  miles  north  of  outlet  {  |  |!  ^ 

Tetapaga  lake,  north  shore  of,  1  mile  east  of  outlet   S  V  W 

Turtle  lake,  north  shore  of   1  S  25"  W 

Vermilion  lake. 

j  S 10°  W 

Turtle  lake,  small  island  near  north  shore  of    ^  ^ 

[sw  W 

Waibikaiginaising  lake,  island  near  east  shore  of,  3  miles  from  I      tJO  g 

>°u*hend  \*29JE 

I  S  8J  E 

East  *>nd  of  portage  between  Summit  and  Friday  lake  '!  S  18J  E 

Friday  lake,  west  shore  of,  1$  miles  north  of  outlet  i  S  IB*  K 

Hear  lake,  east  shore  of,  2  miles  north  of  outlet   S  4'  W 

Island  in  Vermilion  lake,  4  mile  southwest  from  northeast  end . . .    S  8'  W 


■ 


136 1  NIPISSING  AND  TIMISKAMINO  REGION 

Wicksteed  (or  Shabosaging)  lake. 

I  U  I  JO  w 

On  Rocky  islet*,  1J  miles  southwest  of  inlet   . .    \  S  27°  W 

On  southeast  shore,  \\  miles  southwest  of  inlet   S  27°  W 

On  northwest  shore,  2  miles  southwest  of  inlet   8  24°  W 

On  Rocky  islet,  4|  miles  southwest  of  inlet.   S  27"  W 

At  Narrows,  2*  miles  northeast  of  outlet   {  1  2T  W 

On  islet  near  west  shore,  4$  miles  southwest  of  inlet    »  S  34'  W 

(  S  If  W 

On  islet  near  west  shore  of  big  western  bay,  4  mile*  southwest  of  inlet  j  g  n^* 
On  west  shore,  1  mile  northeast  of  outlet  |  S  31°  W 


Annima-Nipissing  lake  and  vicinity. 


( S  10'  E 

fa    no  tf 


West  shore  of  bay  on  route  to  Mountain  lake   . . .    S  2°  E 

IS  3°W 

Island  near  centre  of  lake,  4  miles  from  north  end   -|  g  3^  \y 

(  S  «V  W 

West  shore,  3A  niiles  from  north  end  {  S  20"  W 

tS2f»»  W 

Gull  Rock  lake,  northeast  shore    S  20s  W 

Carrying  lake,  south  shore  of    {  S  20°  W 

Diabase  lake,  south  shore  of  {  S  18'  W 

Rabbit  lake  and  vicinity. 

Rabbit  chute  on  Matabitchouan  river,  at  outlet  of  lake  •  •  •  •  {  3  J"  w 

West  side,  |  mile  south  of  Rabbit  chute.   S  3°  W 

Burnt  point,  on  west  side  of  south  end  of  Outlet  bay  "»  S  S33  W 

IS  38s  W 

Southeast  shore,  1  mile  northeast  of  Rablrit  point    S  13°  W 

j  S  2s  W 

Point  on  east  shore,  i  mile  north  of  Rabbit  point  *|  S  35"  W 

I  S  42°  W 

Island  in  Rabbit  lake,  opiMjgite  Rabbit  point  S  5°  W 

(8  4«W 

Robs  lake,  south  shore  of  \  S  22"  W 

I.S  29°  W 

White  Bear  point  on  west  shore  lake  S  3"  W 


Island  in  White  Bear  lake,  near  northeast  corner 


fS  8«W 
\S  15JW 
IS  403  W 


Montreal  river  and  vicinity. 


South  end  of  Mountain  or  Round  lake    S  42s  E 

On  islet  in  river,  1  mile  below  Mud  Lake  portage    S  22°  E 

At  Fountain  falh»  S  17°  E 

Island  near  west  shore,  near  north  end  of  Sharp  lake.   S  40°  W 
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ECONOMIC  GEOLOGY. 
Oold  and  Silver. 

Throughout  the  whole  of  the  large  area  coloured  as  Laurentian  on 
the  accompanying  map-sheets  very  coarse  aggregates  of  quartz  and 
feldspar  with  more  or  leas  mica,  known  as  pegmatites,  are  of  frequent 
rnd  often  rather  extensive  occurrence.  In  origin  they  are  distinctly 
igneous  and  intrusive  and  in  many  localities  are  dike-like,  often 
branching  and  cutting  across  the  foliation  of  the  gneissic  rocks, 
although  in  other  instances  they  occur  as  coarse-grained  bands  or 
belts  interfoliated  with  the  finer  grained  granite-gneisses.  These 
acid  bands  sometimes  become  finer  grained  and  not  infrequently  shade 
imperceptibly  into  the  mass  of  the  gneisses  with  which  they  are 
associated. 

Early  in  1887  the  town  of  Mattawa  was  startled  by  the  report  of 
the  discovery  of  gold  in  considerable  quantity  in  a  large  number  if 
these  quartzo-feldspathic  masses  cutting  the  gneissic  rocks  in  the 
immediate  vicinity.  An  examination  was  undertaken  of  these  so- 
called  gold-bearing  quartz- Veins,  and  a  number  of  samples  taken  to 
represent  nine  of  the  principal  localities  were  submitted  to  Dr.  Hoff- 
mann. Chemist  and  Mineralogist  to  the  Survey,  which  when  assayed 
furnished  only  negative  results  in  the  case  of  both  gold  and  silver. 
The  following  table  shows  in  a  concise  manner  the  results  thus  ob- 
tained*:— 


Locality. 

Description. 

(Jold. 

Silver. 

Mattawa.  hill  on  north  side 
Ottawa  river. 

Hill  on  en«t  aide  Ottawa 

river  3  mile*  north  of 

Mattawa. 
3  miles  we*t  of  Mattawa  and 

i  mile  north  of  McCool's 

milL 

Quartz  and  feldspar  (pegma- 
tite) large  samples  from 
five  different  localities. 

Quartz  and  feldspar  in  mica 
schist. 

Quartz  with  a  little  feldspar. 
Large  sample*  from  three 
different  localities. 

None 
None 
None 

None 
None 
None 

About  the  same  time  samples  from  apparently  segregated  veins  of 
quartz,  containing  more  or  less  disseminated  sulphides  and  cutting 
what  has  been  mapped  as  Laurentian  gneiss  in  the  Lac  des  Quinze 
region,  were  obtained  by  Mr.  C.  C.  Farr  of  Haileybury,  Ont.  These 
were  sent  to  the  Geological  Survey  and  handed  to  Dr.  Hoffmann 
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whose  assays  showed  only  traces  of  the  precious  metals.  The  follow- 
ing table  condensed  from  Br.  Hoffmann's  report  will  show  the  result 
of  his  examinations  and  assays*: — 


Locality. 

Description  of  SjJecimen. 

Weight. 

Gold 
per  ton. 

Silver 
per  ton. 

Route  to  Abitibi,  8  mile*  S. 

Height-of-land. 
R.  A.  KJock's  limit,  north 

shore  Lac  des  Quinze. 
Lac  des  Quinze,  northeast 

end. 

Chalcopyrite  and  quartz. 

Pyrite   and  pyrrhotite  and 
quartz 

Pyrite  in  quartz  with  ferric 
hydrate. 

Hoz. 
Ah  .. 
8  .. 

Trace 

<t 
•i 

None 
Trace 

In  addition  to  these  samples  of  quartz,  containing  in  some  cases 
pyritous  material,  were  sent  to  the  Director  of  the  Geological  Survey, 
but  their  assays  by  Dr.  Hoffmann  did  not  afford  any  encouraging 
results  so  far  as  regards  their  gold  and  silver  contents.  These 
samples  were  from  Lake  Nipissing  and  the  region  adjacent  and  the 
results  of  their  examination  in  the  laboratory  of  the  Survey  may  be 
referred  to  as  follows?/: — 

Locality. 

Description  of  Specimen. 

Weight. 

Gold  Silver 
per  ton.  ]>er  ton. 

Sturgeon  R.  (branch  of)  N. 
of  Radgerow  tp. 

Small  island  in  Lake  Nipis- 
sing. 

Finely  crystalline  galena  and 
chalcopyrite  with  a  little 
quartz. 

Chlorite-schist,  mica-schist, 
gneiss  and  calcite  with  a 
little  pyrrhotite  and  py- 
rite. 

Rust-stained  quartz  and  gneiss 

Feld»|jar  and  quartz  with  mo- 
lybdenite and  pyrite. 

Rust  stained  quartz  with  py- 
rite. 

♦if  oz. 
2 

very  dis- 
tinct 
traces. 

15"?.**  oz. 
•116  .. 

Vein  crossing  inlet,  W.  end 

Luke  Nipissing. 
Great  Manitou  island,  Lake 

Nipissing. 
Two  miles  W.N.  W.  of  North 

Bay. 

8  H 

k  » 

4k  lbs. 

none 

it 
•i 

none 

•i 
<< 

In  the  area  characterized  by  the  presence  of  Huronian  rocks  and 
their  associated  eruptives,  a  large  quantity  of  whitish  or  greyish 
translucent  quartz  is  an  almost  invariable  accompaniment  of  any 
extended  exposure  of  rock.  This  quartz  is  seen  to  represent  segrega- 
tions of  secondary  silica  filling  in  the  various  cracks  and  fissures 
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caused  by  the  profound  orographic  movements  through  which  these 
strata  have  passed.  Sometimes  this  vein-quartz  is  in  the  form  of 
lenses  or  eyes  occupying  various  small  gaps  or  openings  in  the  rocks, 
these  gradually  increasing  in  size  until  lenticular  masses  of  quartz 
of  considerable  dimensions  *are  formed.  In  some  cases  these  III  fl  SSOS 
run  for  considerable  distances  and  approximate  in  character  to  true 
fissure  veins,  although  large  and  typical  examples  of  such  veins  are 
exceedingly  rare  in  this  region.  Both  in  their  horizontal  and  vertical 
extensions  these  "  gash-veins "  are  exceedingly  irregular,  and  in  no 
case  noticed  can  any  great  reliance  be  placed  on  their  persistence  in 
any  direction.  Calcite  and  dolomite  often  occur  in  association  with 
the  quartz  of  such  veins,  with  varying  quantities  of  pyrite,  chal- 
copyrite  and  galena;  while  sphalerite  and  hematite  (micaceous  iron 
ore),  are  occasional  constituents.  The  quartz  is  very  often  more  or 
less  cavernous  or  cellular,  owing  to  the  oxidation  and  partial  re- 
moval of  the  sulphides  originally  present.  Where  pyrite  has  been 
abundant  the  quartz  is  more  or  less  rusty,  while  the  various  cavities 
are  partially  filled  with  ochreous  material.  On  the  other  hand,  where 
copper-pyrites  is  the  more  abundant,  the  quartz  is  more  or  less  stained 
and  coated  with  green  and  blue  carbonates  of  copper.  Occasionally 
the  galena  shows  a  thin  coating  of  carbonate  of  lead  (cerussit")  where 
exposed  to  atmospheric  action,  and  Dr.  Hoffmann  makes  a  note  of 
its  occurrence  at  the  Macinac  lead-vein  on  Haycock's  location,  east 
side  of  Lady  Evelyn  lake,  one  and  a  quarter  miles  south  of  the 
outlet.* 

In  origin  many  of  these  quartz  veins,  and  especially  the  larger 
ones,  are  connected  with  the  eruption  of  the  large  masses  of  diabase 
and  granite  that  invade  the  stratified  slaty  rocks,  and  often  they  arc 
either  on  the  line  of  junction  between  these  two  rocks  or  occupying 
breaks  and  fissures  in  its  immediate  vicinity,  produced  during  the 
eruption  of  these  igneous  rocks.  Occasionally  such  secondary  veins 
of  quartz  occur  in  irregular  fissures  in  the  diabase  itself. 

Some  of  the  most  important  of  such  veins  noticed  occur  on  the 
"  Mattawapiki,"  as  the  last  stretch  of  Lady  Evelyn  lake  before 
reaching  the  Montreal  river  is  called.  The  western  shore  of  this 
portion  of  the  lake  is  composed  of  diabase  that  rises  abruptly  from 
the  surface  of  the  water  and  often  from  steeply  sloping  or  perpendi- 
cular cliffs.  The  contact  between  this  rock  and  the  slates  is  concealed 
for  the  most  part  by  the  lake,  the  eastern  shore  being  altogether  com- 
posed of  a  very  distinctly  banded  greenish  slate,  which  also  rises  into 
rather  important  elevations,  having  apparently  been  protected  to  a 
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considerable  extent  from  denudation  by  the  proximity  of  the  more 
unyielding  diabase.  The  contact,  for  a  short  distance,  runs  inland 
along  the  western  shore,  leaving  a  comparatively  narrow  strip  com- 
posed of  the  slates,  which  are  seen  to  have  been  much  shattered  and 
broken  up  by  the  intrusion  of  the  diabase*  Some  considerable  masses 
of  segregated  quartz  were  here  noticed  filling  irregular  cavities  and 
fissures  produced  during  the  eruptions.  Associated  with  the  quartz 
is  more  or  less  calcite,  and  in  this  gangue  were  noticed  galena,  copper- 
pyrites,  iron-pyrites  and  zinc-blende.  The  banded  slates  on  the  eastern 
shore  dip  in  an  easterly  direction  at  an  angle  of  about  18°,  and 
associated  with  and  cutting  these  are  similar  segregated  masses  -»r 
"  gash-vein,"  in  which  galena  is  the  prevailing  constituent.  The 
property  on  which  these  veins  are  situated  is  owned  by  Messrs. 
Klock  and  Haycock,  and  is  locally  known  as  the  Haycock  mine  or 
location.  A  considerable  amount  of  development  work  has  been  done, 
looking  chiefly  to  testing  the  quality  and  extent  of  the  ore-bodies, 
but  the  inaccessibility  of  the  locality  would  be  a  sufficient  hind- 
rance to  any  further  operations,  unless  the  deposit  should  prove  of  an 
exceptionally  rich  character.  Assays  of  representative  samples  from 
these  and  similar  veins  exposed  in  the  immediate  neighborhood 
have  been  made  in  the  laboratory  of  the  Survey,  which  may  be  sum- 
marized as  follows*: — 


Locality. 


Description  of  Specimen. 


W.  «ide  La.lv  Evelyn  lake,  Quartz  with  a  little  calcite 

near  outlet.  and  chalcopyrite 

E.  Hide  Lady  Evelyn  lake,  (i alena  with  a  little  quartz 

1J  miles  8.  of  outlet.  and  calcite. 

W.  «ide  Lady  Evelyn  lake,  Quartz  with  a  little  chalcopy- 

1^  miles  S.  uf  outlet  (north    rite.galena  and  zinc  blende 

vein ). 

W.  aide  Lady  Evelyn  lake,  Quartz  with  chalcopyrite... 
1$  miles  S.  of  nutlet  (south 
vein). 

W.  side  outlet  Lady  Evelyn  Quartz  withcalcite,dolomite, 
lake  (went  vein).  nerjientine and  chalcopyrite 

Island  at  Narrov/M  mile*  S.  Quartz  with  chlorite  

of  outlet  of  Lady  Evelyn  L. 


None. 


I  lb.  12  ox. 
13  oz. 


The  Cockburn  location  or  mine  covers  several  small  islands  in 
Cross  lake,  near  the  inlet  from  Timagami  lake.  On  these  islands, 
several  masses  of  segregated  quartz  are  exposed,  but  these  apparently 
have  no  great  regularity  or  persistence.  The  largest  of  these  so-callod 
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veins  is  situated  on  the  west  side  of  an  island  about  a  quarter  of  a 
mile  in  length,  about  half  a  mile  southwest  of  Timagami  river.  The 
island  is  composed  of  a  geenish-grey  greywacke,  slaty  in  structure, 
which  has  undergone  considerable  alteration,  and  sericite  is  rather 
abundantly  developed,  especially  on  the  planes  of  cleavage,  The 
pressure  or  foliation  planes,  which  are  here  apparently  the  only 
structural  features  displayed  by  these  rocks,  have  a  strike  N.  16°  E„ 
and  an  inclination  eaatwards<  71°.  The  quartz  fills  an  irregular 
fissure  in  the  slates,  is  about  five  feet  in  width,  has  a  strike  of  N. 
38°  E.,  and  an  underlie  towards  the  southwest<  45°.  Qalena,  iron- 
pyrites,  copper-pyrites  and  malachite  were  all  noticed  embedded  in  the 
quartz.  Samples  taken  to  represent  the  average  of  these  were  exam- 
ined in  the  laboratory  of  the  Survey  with  the  following  results* : — 


1 

Locality.                Description  of  Specimen. 

: 

Weight. 

Gold 
per  ton. 

Silver 
per  ton. 

i 

Island  in  Crnu  lake  near  Quartz  with  galena  and  chal- 

outlet  copyrite 
Cross  lake  Quartz  with  dial  copy  rit*  . . , 

lb.  oz. 
1  10 

9 
1 

none. 

058  oz. 
trace 

175  oz. 

2  058  oz. 
3.333  oz. 

Mr.  P.  A.  Ferguson  of  Mattawa  owns  three  mines  or  locations  on 
Lake  Timagami,  known  respectively  as  A,  8  and  C.  At  location  A, 
situated  on  the  east  side  of  Sandy  inlet  in  the  northern  part  of  the 
lake,  the  rock  is  for  the  most  part  a  massive  dark-green  medium- 
textured  diabase,  much  of  which  is  broken  up;  the  irregular  cavities 
being  filled  with  quartz  and  calcite,  with  which  are  associated  yellow 
epidote  and  small  dodecahedral  crystals  of  red  garnet.  One  of  the  veins 
from  which  considerable  material  had  been  taken  was  noticed  near  the 
water's  edge  and  contains  in  addition  to  the  minerals  mentioned 
above  a  little  iron-pyrites  and  copper-pyrites.  The  vein  is  very 
irregular  and  only  about  a  foot  in  width  and  thus  too  small  to  con- 
stitute a  workable  deposit.  At  location  B,  situated  on  the  north  side 
of  the  northeast  arm  of  Lake  Timagami,  about  two  miles  east  of 
the  portage  into  Caribou  lake,  the  rock  is  a  pearly  greyish-green 
«ericite-schist,  striking  X.  6S°  E.  and  dipping  northwards <  70°. 
Associated  with  this  is  a  lenticular  mass  of  light-grey  rusty  weather- 
ing dolomite,  containing  reticulating  veins  of  quartz  that  stand  out 
on  weathered  surfaces.  Chiefly  at  the  contact  between  those  two 
rocks  is  a  considerable  deposit  of  iron-pyrites,  with  a  little  copper- 
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pyrites  and  arsenopyrite  (?).  Location  C.  is  on  an  island  now 
known  as  Ferguson  island,  to  the  southwest  of  this  point,  and  consists 
of  iron-pyrites  in  association  with  sericite  schists. 

Assays  of  specimens  taken  as  representatives  of  these  three  de- 
posits gave  the  following  results  in  the  laboratory  of  the  Survey* : — 


Locality. 

Description  of  Si*citnen. 



Weight.  ^'"ton. 

Silver 
per  ton. 

Ferguson  location  A,  Sandy 

inlet,  L.  Timagami 
Ferguson  location  B,  north 

east  arm  L.  Titnagami. 
Ferguson  location  C,  Is'd  in 

N.  E.  arm  L.  Timagami  . 

Quartz  with  little  pyriteand 
chalcopyrite. 

Quartz  with  finely  dissemin- 
ated pyrite. 

Rust-stained  sericite  schint 
with  pyrit4?. 

11  lbs. 
5  lbs. 

15  oz. 

trace 
trace 
trace 

trace 

.233  oz. 
116  oz. 

The  Denedus  islands  near  the  entrance  to  Muddy-water  bay  on  Lake 
1  imagami,  and  so-called  after  a  well-known  member  of  the  Timagami 
band  of  Indians,  is  another  mining  location,  owned  by  Mr.  James 
Holditch  of  Sturgeon  Falls.  On  the  two  large  islands  composing  this 
group  the  rock  is  a  dark  greenish-grey  feldspathic  sandstone  or  grey- 
wacke,  sometimes  slaty  in  structure  but  usually  massive.  The  rock  is 
much  broken  up  in  places,  and  the  irregular  cracks  and  cavities  thus 
formed  are  filled  with  grey  translucent  quartz,  with  which  is  usually 
associated  more  or  less  pinkish  dolomite.  Occasionally  these  fissures 
are  so  large  as  to  include  considerable  masses  of  quartz.  On  the  west 
island  a  quartz  vein  about  two  feet  in  width  occurs,  with  a  south- 
easterly strike,  containing  both  iron  and  copper-pyrites.  A  some- 
what larger  segregated  mass  of  quartz  occurs  on  the  island  to  the 
east,  with  similarly  disseminated  grains  and  fragments  of  iron,  and 
copper-pyrites  and  occasionally  a  little  galena.  Assays  of  specimens 
from  both  these  islands  were  made  in  the  laboratory  of  the  Survey 
with  the  following  resultsf: — 


Locality. 

Description  of  Specimen. 

Weight. 

(Sold 
per  ton. 

Silver 
per  ton. 

Denedus  islands  (east  vein). 
Denedus  islands  (wei»t  vein). 

Quartz  with  a  little  chlorite 

and  dolomite. 
Quartz  with  chlorite  chalco- 

pyrite  and  pyrite. 

lbs.  oz. 

2  <» 

3  6 

none 
none 

none 
none 
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Large  masses  of  iron-pyrites,  associated  with  pyrrhotite,  copper, 
pyrites  and  magnetite,  occur  on  the  east  side  of  Timagami  island  in 
Lake  Timagami  and  on  the  southeast  shore  of  Vermilion  lake,  to 
the  north  of  the  northeast  arm  of  Lake  Timagami.  Samples  of  these 
were  assayed  for  gold  and  silver,  but  with  negative  results  in  both 
cases.  Subsequently  Mr.  E.  V.  Wright,  who  had  located  the  Vermil- 
ion Lake  property,  had  the  ore  assayed  for  nickel,  but  less  than  one 
per  cent  of  this  metal  was  found.  The  following  statement  gives  the 
results  of  the  assays  made* :— 


Locality. 

Description  of  Specimen. 

Weight. 

lb.  oz. 

4  2 
13 

Gold 
per  ton. 

Silver 
per  ton. 

Timagami  is'd.  (e&nt  shore). 
Vermilion  lake  

Pyrite,  chalcopyrite,  magne- 
tite, with  chlorite  

Pyrite  in  chlorite-schiot  and 

none 
■I 

non»- 

H 

On  Matthias  island,  about  two  miles  northeast  of  the  Hudson's  Bay 
Co.'s  post  on  Bear  island  in  Lake  Timagami.  a  quartz  vein  with  a 
somewhat  uniform  width  of  about  eight  feet  was  noticed.  The  quartz 
is  white  and  translucent,  filled  with  rusty  cavities  and  a  little  cop- 
per-pyrites, iron-pyrites,  malachite  and  ankerite  were  noticed.  Al- 
though so  promising  in  appearance  assays  made  in  the  laboratory  of 
the  Survey  show  neither  gold  nor  silver,  f 

At  the  Quay  mine,  in  rear  of  the  township  of  Fabre,  on  the  east 
side  of  Lake  Timiskaming,  according  to  Mr.  J.  Obalski  of  Quebec,  a 
considerable  amount  of  copper-pyrites  has  been  found.  This,  asso- 
ciated with  and  disseminated  through  diabase,  probably  an  extension 
eastward  of  the  mass  which  reaches  Lake  Timiskaming  at  Quinn 
point,  shows  on  assay  according  to  Mr.  Obalski,  gold,  .02  oz.,  and 
silver,  1-56  oz.  per  ton  of  2,000  lbs. 

Other  specimens  examined  in  the  laboratory  of  the  Survey  during 
the  progress  of  the  exploration,  from  veins  and  masses  of  quartz  that 
are  of  less  importance  either  on  account  of  the  negative  or  small 
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results  obtained,  or  the  limited  extent  of  the  masses  themselves,  are 
enumerated  below*: — 


Locality. 


Description  of  Specimen. 


Weight. 


lb.  oz. 


N.  end  of  Lake  Tiinagami..  Pyrite  in  quartz  and  calcite 

I    (from  10  ft.  vein). 
Little  river,  1  mile  K.  Lake  Greyish  opaque  quartz  with 

Timiskaming.  a  little  pyrite. 

Point  E.  of  outlet  Hay  lake.  Quartz  with  a  little  chlorite  I 

N.E.  arm  Lake  Timagami    and  chalcopyrite. 
N.  shore,  N.E.  arm,  §  mile  Quartz  with   traces  of  iron 

W.  portage.  Lake  Tima-    and  copper. 

garni. 

Montreal  river,  6  miles  from  Red  and  white  quartz  with  a 

mouth.  little  chalcopyrite. 

E.  shun  Ferguson  bay, Lake  Calcite  with  a  little  chlorite 

Timigami.  and  chalcopyrite. 

Small  islet  in  YYhitefiab  bay, i Quartz  with  pyrite  in  felds- 

Lake  Timagami.  pathic  sandstone. 

Islet  j|  mile  \\.  of  Timagami  Quartz  with  a  little  dolomite 


Gold 
per  ton. 


Silver 
per  ton. 


I  tost 

Two  miles  N.W.  of  Tima- 


and  chlorite. 
Quartz  with  chlorite  and  a 

Irami  post.  little  pyrite. 

and  near  S.  end  S.W.  Rust-stained  quartz  with  a 
arm  Lake  Timagami.  little  pyrite. 

Mountain   lake,    Montreal  | Rust -stained  quartz  with  py- 
river.  rite   and   chalcopyrite  in 

diabase. 


1 
1 


Portage  near  S.  end  of  Lake 
Timagami. 

Island  H  miles  N.E.  Tima- 
gami |  met. 


Quartz    with    chlorite    and  2 

dolomite. 
Rust-stained  quartz  with  a 

little  ilmenite. 


7* 

Trace. 

None. 

10 

None. 

H 

14 

Trace. 

290  oz. 

3 

None. 

None. 

14 

Distinct 

>• 

trace. 

11 

None. 

n 

8 

Trace. 

Trace. 

6 

None. 

None. 

8ft 

m 

ii 

it 

ft 

Trace. 

Trace. 

11 

None. 

None. 

7 

Trace. 

ii 

Although  the  results  given  in  the  above  tables  are  not  very  en- 
couraging it  must  be  remembered  that  the  assays  were  made  from 
material  obtained  during  the  progress  of  an  exploration  over  a  wide 
stretch  of  country  in  which  only  limited  opportunities  were  afforded 
for  examination  and  selection,  while  only  those  quartz  masses  were 
visited  which  were  noticed  exposed  at  or  near  the  shores  of  lakes 
embraced  by  the  survey  or  in  localities  otherwise  accessible.  No 
systematic  attempt  has  ever  been  made  at  prospecting  throughout 
the  greater  portion  of  the  district,  although  a  few  enterprising  indi- 
viduals have  looked  over  part  of  the  area  in  the  hope  of  finding  some 
unusually  rich  mineral  deposit  A  large  portion  of  the  area  covered 
by  the  Huronian  rocks  in  the  northwestern  part  of  the  region  is 
thickly  covered  by  forest,  composed  chiefly  of  evergreens,  which 
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conceals  much  of  the  surface,  rendering  any  attempt  at  prospecting 
difficult.  The  inaccessibility  of  the  region  has  also  generally  pro- 
vented  any  extended  examination  by  prospectors,  but  the  recent  sur- 
vey of  the  Nipissing  and  James  Bay  railway,  and  the  proposal  to  run 
this  line  northward  from  North  Bay  to  the  east  end  of  Lake  Tima- 
gnmi,  has  again  drawn  attention  to  this  region  as  a  promising  mining 
field-  The  Huronian  belt  of  rocks  is  the  same  that  traverses  the 
Sudbury  mining  district  to  the  southwest,  while  similar  associations 
of  slate  and  greywacke*  broken  through  by  diabase,  gabbro  and  granitic 
intrusions,  furnish  conditions  equally  favourable  to  the  presence  of 
metalliferous  sulphides  or  gold-bearing  quartz-masses  now  known  to 
exist  in  the  vicinity  of  Wanapitei  lake,  immediately  adjoining  the 
Timiskaming  sheet  to  the  southwest. 

One  of  the  most  important  of  the  mineral  deposits  in  this  district, 
both  on  account  of  its  comparative  accessibility  and  the  character  and 
size  of  the  ore-bearing  body,  is  what  has  usually  been  known  as  the 
Lake  Timiskaming  silver  or  lead  mine  (Wright's  mine)  comprising 
portions  of  lots  61,  62  and  63  of  range  I.,  in  the  township  of  Duha- 
mel,  in  what  are  called  Blocks  A  and  B,  on  the  east  shore  of  Lake 
Timiskaming. 

Although  this  deposit  was  brought  to  notice  by  Mr.  E.  V.  Wright 
of  Ottawa  in  1877,  the  existence  of  ore  at  this  place  was  known  long 
before,  for  on  a  "Map  of  North  America,"* ' based  on  D'Anville's 
map,  and  published  about  1778,  the  small  bay  on  which  it  is  situated 
is  named  "  Anse  a  la  Mine." 

In  the  vicinity  of  the  mine  the  rock  is  the  breccia-conglomerate 
forming  the  basal  member  of  the  Huronian  in  this  district>  the  peb- 
bles or  fragments  of  which  are  chiefly  of  granite,  diabase  or  other 
eruptive  rocks,  embedded  in  a  greenish,  chloritic,  slaty  matrix  which 
owing  to  pressure  appears  to  curve  around  or  enfold  the  enclosed 
fragments. 

The  deposit  occurs  in  a  brecciated  or  shattered  belt  of  the  rock 
composed  of  angular  or  subangular  fragments,  the  interstices  being 
filled  by  galena  with  occasionally  a  small  quantity  of  iron-pyrites 
together  with  more  or  less  pink  dolomite.  Although  this  zone  is 
about  eighty  feet  in  breadth  and  contains  a  varying  quantity  of 
galena  throughout,  only  about  six  feet  can  be  said  to  carry  the 
mineral  in  workable  quantity,  and  even  this  with  considerable  admix- 
ture of  gangue  and  rocky  matter.  The  rock  immediately  adjoining 
and  enclosing  the  deposit  has  a  decidedly  porphyritic  appearance, 
crystals  and  fragments  of  white  feldspar  and  grains  of  transparent 
quartz  being  embedded  in  a  fine-grained  greenish  matrix.  '  Under 
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the  microscope  this  fine-grained  groundmass  is  seen  to  be  composed 
of  finely  granulated  quartz  and  feldspar,  together  with  a  considerable 
quantity  of  chlorite  and  sericite  in  fine  scales.  Through  this  are 
scattered  the  larger  fragments  which  are  apparent  to  the  eye.  Some 
of  these  are  composite  fragments  of  some  porphyritic  rock,  with 
large  crystals  of  well  striated  plagioclase  and  finely  granulated  quartz. 
Whilst  the  majority  of  the  quartz-fragments  bear  evidence  of  having 
been  subjected  to  considerable  pressure  one  large  subangular  grain 
extinguishes  very  evenly  and  shows  little  or  no  trace  of  disturbance. 
The  plagioclase  individuals  have  a  broad  tabular  habit,  are  well 
striated,  very  turbid,  and  apparently  constitute  the  predominant 
feldspar,  although  unstriated  feldspar  was  observed.  Ilmenite,  accom- 
panied by  leucoxene,  is  rather  plentiful ;  some  of  it  is  entirely  altered 
to  the  latter  mineral. 

Samples  of  the  ore  were  sent  to  the  Geological  Survey  in  1877,  and 
Dr.  B.  J.  Harrington  states*  that  a  specimen  of  the  galena  entirely 
free  from  gangue,  gave,  by  scorification,  silver  18-958  ounces  to  the 
ton  of  2,000  lbs.  Another  specimen  received  about  the  same  time, 
but  containing  a  good  deal  of  rocky  matter,  gave,  silver  11-66  ounces 
to  the  ton,  while  a  third  specimen  taken  about  fifty  feet  from  the 
above  gave,  after  careful  separation  of  the  gangue,  silver  18-229 
ounces  to  the  ton.  The  mean  of  two  assays  by  Dr.  Hoffmann  gave, 
silver  13-58  ounces  to  the  ton  with  a  trace  of  gold;  by  Prof.  J.  T. 
Donald,  of  Montreal,  silver  $21.17;  by  Dr.  Baptie,  of  Ottawa,  silver 
23  ounces;  by  School  of  Mines,  London,  18  oz.  14  dwt.  10  grs.  per 
ton  of  2,240  lbe.  and  lead  52  per  cent.  The  percentage  of  silver  in 
the  galena  itself  was  26  oz.  7  dwt.  21  grs. 

The  silver  content  of  the  pure  galena  would,  therefore,  seem  to  vary 
from  eighteen  to  twenty-four  ounces  to  the  ton  of  2,000  lbs.,  but  the 
large  intermixture  of  rocky  matter  would  considerably  lessen  these 
results.  Iron-pyrites  has  been  found  intimately  associated  with  the 
galena,  and  occasionally  considerable  quantities  have  been  encount- 
ered in  working  the  deposit.  This  is  doubtless  the  source  of  the 
gold  usually  present  in  the  ore. 

Work  was  begun  on  this  deposit  in  1887,  under  the  management 
and  ownership  of  Mr.  E.  V.  Wright,  of  Ottawa,  but  only  preliminary 
development  work  was  undertaken.  During  1888,  however,  work  was 
carried  on  very  energetically,  and  a  shaft  was  sunk  to  the  depth  of 
about  100  feet,  while  concentrating  machinery  was  set  up  and  it  was 
proposed  to  smelt  the  ore  on  the  spot.  Various  obstacles  have  stood 
in  the  way  of  the  successful  development  of  this  mine,  chief  of  whioh 


•Report  of  Progress,  Geol.  Surv.  Can.,  1877-78,  pp.  61-52. 


ECONOMIC  GEOLOGY 


147 1 


has  always  been  its  distance  from  railway  communication  and  the 
consequent  difficulties  in  shipment  of  ore  or  concentrates. 

For  several  years  work  went  on  in  a  rather  desultory  fashion,  but  in 
1890  the  Mattawa  Mining  and  Smelting  Co.,  of  New  York,  took  hold 
of  the  property  and  an  extensive  and  costly  plant  for  the  proper 
handling  of  the  ore  was  installed.   The  main  shaft  was  increased  {n 
depth  to  over  100  feet,  and  two  drifts  were  made  to  prove  the  extent 
of  the  deposit,  while  a  diamond-drill  boring  carried  to  a  farther  depth 
of  seventy-five  feet  proved  the  existence  of  the  galena  to  a  total  depth 
of  140  feet  Operations  were  carried  on  energetically  until  March, 
1891,  when  work  was  suspended.  During  the  summer  of  1896  work 
was  again  resumed,  chiefly  with  a  view  of  further  testing  the  property, 
and  it  is  hoped  that  the  recent  completion  of  the  branch  line  of  the 
Canadian  Pacific  railway  to  the  foot  of  Lake  Timiskaming  may  lead 
to  continuous  working.    The  main  shaft  is  now  sunk  to  a  depth  of 
nearly  200  feet,  and  it  is  reported  the  mineral  shows  no  diminution 
in  either  quantity  or  silver  content. 

Nickel,  Copper,  Etc. 

The  Huronian  belt  of  rocks,  characterized  by  the  presence  of  great 
deposits  of  nickelferous  and  cupriferous  ores  in  the  Sudbury  district, 
runs  with  unbroken  continuity  through  the  Timagami  and  Timis- 
kaming districts.  Diabases  and  gabbros  apparently  identical  in  their 
composition  and  appearance  are  present  over  large  areas,  but  so  far 
no  very  large  deposits  of  pyrrhotite  and  copper-pyrites  have  been 
found.  On  the  west  side  of  Timagami  island,  as  well  as  on  the 
southeast  shore  of  Vermilion  lake,  considerable  masses  of  these 
sulphides  are  present,  but  the  assays  made  show  only  a  very  small 
percentage  of  nickel.  Copper-pyrites  is  an  almost  invariable  consti- 
tuent of  the  diabasic  masses  and  in  places  pyrrhotite  is  equally 
abundant,  and  it  is  highly  probable  that  systematic  prospecting  may 
develop  large  deposits  containing  nickel  and  copper. 

At  the  Quay  mine,  in  the  rear  of  the  township  of  Fabre,  the 
specimens  of  copper- pyrites  jrave,  according  to  Mr.  Obnl*ki.  0-72  per 
cent  of  copper,  and  -08  per  cent  of  nickel. 

The  inaccessibility  of  the  region,  however,  and  the  abundance  of 
these  nickel  and  copper  bearing  sulphides  in  clos*  proximity  to  the 
main  line  of  the  Canadian  Pacific  railway,  in  the  Sudbury  mining 
district,  many  excellent  deposits  of  which  have  not  yet  been  develop- 
ed, prevent  any  extended  search  in  the  Timagami  and  the  Timis- 
kaming districts. 
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Iron. 

No  deposits  of  iron  ore  of  economic  importance  have  as  yet  been 
found  in  this  district,  although  both  magnetite  and  hematite  are 
rather  abundantly  distributed.  Wherever  noticed  the  quantity  has 
been  too  insignificant  or  the  associations  such  that  the  material  seen 
could  not  be  utilized  with  any  degree  of  profit.  Magnetite  occurs  in 
patches  and  small  masses  in  the  red  granitoid-gneiss  exposed  in  the 
neighbourhood  of  the  Chute  des  Paresseux  on  the  Mattawa,  in  the 
township  of  Olrig.  On  the  west  side  of  Kipawa  lake,  a  short  dis- 
tance northwest  of  Gordon  Creek  outlet,  a  dark-grey  gneiss  contain- 
ing a  considerable  proportion  of  magnetic  iron  ore  occurs,  and  a 
quantity  of  this  ore  was  mined  and  taken  to  the  Wright  mine  on 
Lake  Timiskaming  for  use  as  a  flux  in  the  smelting  of  the  galena.  The 
ore,  however,  is  too  lean  and  siliceous  to  be  of  commercial  impor- 
tance. 

On  Iron  island,  according  to  Mr.  Murray,*  "  small  masses  of 
specular  iron  ore  are  common  to  most  of  the  rock  in  the  island,  and 
in  the  crystalline  limestone  there  is  a  very  great  display  of  it.  For 
a  breadth  of  about  forty  yards  along  the  cliff  on  the  east  side  the 
rock  holds  masses  of  the  ore  of  various  sizes,  sometimes  running 
in  strings  of  an  inch  thick  or  upwards,  elsewhere  and  at  other  times 
accumulating  in  huge  lumps,  some  of  which  probably  weigh  over 
half  a  ton.  The  beach  near  the  outcrop  is  strewed  with  masses  of 
all  sizes,  from  great  boulders  weighing  several  hundred  pounds  10 
small  rounded  pebbles  not  bigger  than  marbles.  The  limestone  with 
which  the  iron-ore  is  associated  is  frequently  cavernous,  and  the 
crevices  and  smaller  fissures  are  thickly  lined  with  crystals  of  blue 
fluorspar  and  red  sulphate  of  barytes  or  cockscomb-spar.  Crystalline 
limestone  crops  out  on  the  opposite  or  west  side  of  the  island,  and, 
judging  by  the  strike  of  the  north  side  it  must  correspond  with  that 
holding  the  iron-ore  on  the  east.  The  same  minerals  were  found  dis- 
seminated through  the  rock  and  strewed  upon  the  beach.  At  the  ex- 
treme southwest  point  of  the  island  the  rock  is  again  crystalline  lime- 
stone, and  a  long  beach  running  out  from  it  to  the  westward  is  per- 
fectly covered  with  boulders  of  specular  iron-ore.  Iron-ore  occurs 
also  at  the  southeast  point  of  the  island,  although  not  in  such  great 
abundance  and  only  in  detached  masses  strewed  upon  the  beach." 

Several  parties  have  searched  rather  thoroughly  over  this  island 
and  most-,  if  not  all,  of  the  iron  has  been  carried  off  and  shipped 
away.  The  interior  of  the  island  is  a  veritable  jungle,  and  the  shore 
is  lined  with  an  almost  impenetrable  thicket  of  scrubby  cedar. 
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Several  small  pits  were  noticed  which  had  been  sunk  near  the  north- 
east corner  of  the  island,  but  the  amount  of  ore  secured  apparently 
did  not  warrant  any  further  outlay  of  time  or  money,  and  it  seems 
pretty  certain  that  this  ore  is  nowhere  present  in  workable  quantity. 
At  the  time  of  the  writer's  visit  early  in  the  spring  most  of  the  beach 
was  submerged. 

Magnetic  iron-ore,  interlaminated  with  bands  of  red,  grey  or  black, 
siliceous,  slaty  rock  was  noticed  in  several  localities,  and  in  such 
considerable  quantity  as  to  constitute  deposits  of  workable  size,  but 
ne  abundance  of  intermixed  siliceous  matter  is  probably  such  as  to 
render  them  practically  valueless.  One  of  these  deposits  is  situated 
on  the  southeastern  end  of  a  group  of  three  islands  near  the  eastern 
shore,  about  three  miles  from  the  southern  extremity  of  the  south- 
•west  arm  of  Lake  Timagami.  The  exposure  seen  consisted  of  alter- 
nate bands  of  light  and  dark-grey  quartzite,  the  dark  bands  being 
composed  almost  wholly  of  grains  of  magnetite.  It  is  curiously  con- 
torted, but  has  in  general  a  dip  N.  7°  E.  <  45°.  In  immediate  con- 
tact with  this  to  the  south  is  a  band  of  disintegrating  greywack6  and 
chlorite  schist,  dipping  N.  8°  E.  <  55°.  This  is  filled  with  pyrite, 
which  has  evidently  been  the  chief  cause  of  its  decomposition.  The 
local  attraction  of  the  magnetic  needle  was  so  great  at  this  point  as 
to  render  the  compass  practically  useless. 

Near  the  west  end  .  of  Turtle  lake,  to  the  north  of  the  northeast 
arm  of  Lake  Timagami,  there  is  a  somewhat  similar  deposit,  consist- 
ing of  alternating  reddish  and  black  bands  of  hematite  or  jaspery 
iron  ore  and  magnetite,  with  some  olive-green  shale.  The  strike  of 
the  deposit  accords  with  that  of  the  sericite-schists  in  the  immediate 
vicinity,  being  N.  74°  E.  with  a  dip  northwards  <  70.  In  this  neigh- 
bourhood, also,  the  compass  was  much  affected. 

A  third  locality  in  which  magnetite  in  similar  association  occurs 
is  on  the  Quinze  river,  on  the  tenth  portage  from  Lake  Timiskam- 
ing.  Mr.  W.  McOuat  thus  describes  the  deposit:  *"  The  portage  is 
on  the  south,  or  left  hand  side  of  the  river,  running  in  a  direction 
about  southeast  to  a  small  lake  in  a  narrow  ravine,  and  is  not  more 
than  a  quarter  of  a  mile  long.  The  iron  ore  crosses  the  portage  near 
the  upper  or  south  end.  It  occurs  in  the  form  of  layers  from  the 
thickness  of  paper  to  about  an  inch,  and  is  interlaminated  with 
similar  layers  of  whitish,  grey  and  dull-red  fine-grained  quartzite. 
The  iron-ore  constitutes  probably  from  a  fourth  to  a  third  of  the 
whole,  and  as  the  thickness  of  the  whole  band  is  about  thirty  feet 
the  whole  thickness  of  the  layers  of  iron  ore  would  probably  not  he 
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less  than  eight  feet.  The  band  was  traced  along  the  strike  for  about 
a  hundred  yards.  Magnetic  oxide  of  iron  was  observed  under  similar 
conditions  at  several  points  on  this  portage,  and  on  the  next  above, 
but  in  much  smaller  quantity."  • 
Magnetic  iron  ore  also  occurs,  but  mixed  with  sulphides,  on  the 
.  southeast  shore  of  Vermilion  lake  and  on  the  east  shore  of  Timagami 

island,  in  Timagami  lake.  Hematite  (as  micaceous  iron  ore)  occurs 
as  a  rather  common  constituent  of  the  many  quartz  veins  cutting  the 
Huronian  throughout  the  northern  part  of  the  area,  but  it  has  no- 
where been  found  in  deposits  of  sufficient  extent  to  be  of  economic 
value. 

Although  of  no  economic  importance  it  will  be  of  interest  in  this 
connexion  to  note  here  the  presence  of  native  iron  embedded  in  the 
crevices  of  some  specimens  collected  on  Mr.  McMeikin's  farm,  about 
four  and  a  half  miles  east  of  Mattawa.  This  occurrence  of  native  iron, 
to  which  Dr.  Hoffman's  attention  was  first  drawn  by  Mr.  R.  L.  Broad- 
bent,  was  observed  in  some  specimens  collected  as  samples  of  perthite 
and  amazon-stone  on  lot  7,  con.  B,  of  the  township  of  Cameron.  The 
following  is  a  description  by  Dr.  Hoffman: 

•  "  The  perthite,  consisting  of  interlaminated  brownish-red  to  red- 
dish-brown orthoclase,  and  reddish-white  albite,  contained  here  and 
there  inclusions  of  a  greyish-black,  massive,  pebbly  magnetite,  parti- 
ally altered,  manganiferous  magnetite,  affording  a  dark-reddish-brown 
streak. 

"Portions  of  the  feldspar  showed  marked  signs  of  weathering,  the 
albite  more  especially  being  more  or  less  kaolinized.  Embedded  in 
the  kaolin,  also  in  the  dark  reddish-brown  limonite  in  immediate 
proximity  to  it,  were  observable  numerous  spherules  of  a  steel-grey 
colour  and  metallic  lustre.  These  spherules  varied  greatly  in  size, 
a  few  measuring  as  much  as  a  millimetre  in  diameter,  the  greater 
number,  however,  being  of  far  smaller  dimensions,  and  many  of 
microscopic  minuteness.  They  were  almost  perfectly  spherical  in 
shape,  strongly  magnetic,  very  hard,  indenting  and  scratching  a 
hardened  steel  mortar;  brittle;  when  pulverized  emit  a  distinct 
phosphoretted  odour;  immersed  in  a  solution  of  cupric  sulphate, 
become  coated  with  a  film  of  metallic  copper.  They  were  readily, 
attacked  by  hydrochloric  acid  with  evolution  of  hydrogen  and  a  strong 
odour  of  phosphine,  leaving  an  insoluble  residue  consisting  of  light- 
brownish  coloured  spherules  which  on  ignition  become  perfectly 
white.  These  spherules,  which  form  the  nuclei  of  the  metallic- 
looking  grains,  have  apparently  a  concretionary  structure. 
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"  Mr.  Johnston  found  the  metallic  spherules  to  have  a  specific 
gravity  at  15-5°  C.  of  7-257  and  a  composition  as  follows: — 


Iron     90  45 

Manganese     0  75 

Nickel                     ...  .     trace 

Sulphur  ^ 

Phosphorus       >   undet. 

Organic  matter  J 

Insoluble,  non-metallic,  residue   7 '22 


9846 

"  Cobalt  and  copper  were  sought  for  and  found  to  be  absent.  He 
found  the  insoluble  non-metallic  residue  to  contain  88-77  per  cent  of 
silica,  a  little  alumina  and  ferric  oxide — not  estimated,  a  very  small 
quantity  of  lime  and  possibly'  some  magnesia. 

"  This  occurrence  recalls  to  mind  that  observed  by  me  in  a  speci- 
men of  Huronian  quartzite  from  the  north  shore  of  St.  Joseph 
island,  Lake  Huron,  Ont."* 

Limestone  and  Lime. 

On  Lake  Timiskaming  the  Niagara  formation  so  abundantly 
exposed  on  the  islands  and  shores  of  its  northern  portion  affords 
an  unfailing  supply  of  excellent  building  stone,  in  blocks  of  large 
dimensions  if  required,  while  its  fine  and  even  texture  as  well  as  its 
colour  recommend  it  strongly  for  such  purposes.  The  Anglican  church 
at  Haileybury,  on  the  west  side  of  Lake  Timiskaming,  is  being  wholly 
constructed  of  material  procured  from  exposures  oi  this  limestone  on 
the  east  shore  of  Mann  island.  For  purposes  of  making  quicklime 
the  more  thinly  bedded  fossiliferous  portions  seems  to  be  most  suit- 
able as  furnishing  the  purest  and  best  lime  with  least  expenditure 
of  fuel. 

The  Manitou  islands,  in  Lake  Nipissing,  especially  McDonald  or 
Little  Manitou  island,  have  furnished  limestone  which  was  used  to 
advantage  during  the  construction  of  the  Canadian  Pacific  railway. 
An  excellent  lime-kiln  was  noticed  on  McDonald  island,  which  had 
evidently  been  used  extensively.  To  the  east  of  Mattawa,  and 
between  this  place  and  Deux  Rivieres,  a  good  deal  of  lime  has  been 
manufactured  for  local  consumption,  as  also  near  the  foot  of  Talon 
lake  on  the  Mattawa  river.  In  the  former  instance  the  various  out- 
liers of  Trenton  limestone  have  supplied  the  material,  while  in  the 
latter  a  band  of  crystalline  limestone  has  been  made  use  of  by  the 
incoming  settlers.  This  band  of  limestone  would  furnish  a  very 
pretty  serpentine  marble  or  ophicalcite. 

When  calcined  the  deposit  of  marl  covering  the  greater  portion  of 
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the  bottom  of  Emerald  lake  to  the  west  of  the  Opimika  narrows  on 
Lake  Timiskaming  would  furnish  a  nearly  pure  and  very  white  lime 
well  adapted  for  mortar  and  other  purposes.  For  such  purposes  the 
marl  should  be  moulded  into  bricks  which,  after  drying,  may  be  burnt 
in  a  kiln.  It  might  also  be  employed  for  whitewashing  farm  and 
other  buildings. 

Granite  and  Gneiss. 

During  the  construction  of  the  Canadian  Pacific  railway  the  grey- 
ish evenly  foliated  gneissic  rocks,  often  easily  procurable  in  large 
blocks,  were  used  for  bridge-piers  and  culvert  work  with  satisfactory 
results.  Many  exposures  capable  of  yielding  both  gneiss  and  granite 
of  excellent  quality  may  be  found  at  intervals  along  the  line  of  rail- 
way. 

On  Timiskaming  lake,  in  the  vicinity  of  Baie  des  Feres,  there  is  a 
very  beautiful  deep  flesh- red  granite,  in  which  the  more  or  less  round- 
ed outlines  of  the  disseminated  grains  and  fragments  of  greyish 
translucent  quartz  give  the  rock  a  fine  conglomeratic  or  prophyritic 
aspect.  It  is  not  known,  however,  whether  this  granite  can  be  ob- 
tained sufficiently  free  from  joints. 

Throughout  the  entire  area  the  frequent  and  large  masses  of  granite 
exposed,  as  well  as  the  more  massive  and  granitoid  portion  of  the 
rocks  classified  as  Laurentian,  would  furnish  building  stones  of  good 
quality,  but  only  the  more  readily  accessible  localities  of  such  rocks 
can  be  supposed  to  possess  any  importance. 

Flagstones  and  Slates. 

The  better  qualities  of  slate  do  not  occur  extensively  in  this  region, 
but  some  portions  of  the  strata  constituting  the  slaty  or  middle  mem- 
ber of  the  Huronian  present  very  fine-grained  and  fissile  beds  which 
are  firm  and  strong;  although  most  of  the  specimens  seen  are  rather 
thick  for  roofing  purposes.  Search  might  reveal  some  localities 
where  suitable  material  occurs  in  sufficient  abundance  to  be  of  econo- 
mic importance.  Many  portions  would,  however,  seem  to  be  well 
adapted  for  flagging. 

On  the  east  side  of  Lake  Timiskaming,  between  McMartin  point  and 
Latour's  mills,  the  shore-line  for  several  miles  is  formed  of  vertical 
cliffs  of  very  evenly  banded  or  foliated  micaceous  gneiss.   The  layers 
arc  extremely  regular,  fissile  and  of  suitable  thickness  to  yield  flas- 
.    stones  of  the  very  best  quality  and  of  almost  any  size. 

Lithographic  Stone. 

Some  of  the  finer-grained  beds  present  in  the  Niagara  outlier 
on  Lake  Timiskaming,  exposed  on  Mann  island  as  well  as  at  Dawson 
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point  on  the  mainland  to  the  north,  exhibit  portions  which  were 
thought  to  be  suitable  for  lithographic  purposes.  Some  quarrying 
was  done  on  the  west  shore  of  Mann  island,  and  lately  a  com- 
pany with  headquarters  at  Vankleek  Hill  commenced  operations 
in  the  vicinity  of  Dawson  point  with  a  view  to  securing  suitable 
material  if  possible.  So  far,  however,  the  specimens  procured  are 
not  sufficiently  uniform  in  texture,  but  it  is  still  possible  that  litho- 
graphic stone  of  economic  value  may  be  discovered.  Further  ex- 
amination of  these  beds  with  this  object  seems  desirable. 

Feldspar. 

Although  this  mineral  is  abundantly  distributed  as  one  of  the 
most  important  and  characteristic  constituents  of  these  crystalline 
rocks,  only  a  very  small  proportion  is  found  pure  enough  and  in 
sufficiently  large  masses  to  be  employed  for  industrial  purposes. 
To  be  of  value  the  deposits  must  be  readily  accessible,  and  must  con- 
tain the  mineral  in  large  cleavable  masses  easily  freed  from  other 
associated  minerals  or  impurities  by  a  rough  cobbing  before  ship- 
ment 

There  are  many  large  pegmatite  dikes  close  to  the  line  of  the 
Canadian  Pacific  railway  throughout  this  district,  which  might  be 
examined  with  a  view  to  obtaining  supplies  of  feldspar.  Some  of 
those  near  Nasbonsing  station  seemed  to  furnish  abundant  and  very 
suitable  material. 

Feldspar  is  chiefly  employed  in  the  manufacture  of  porcelain  and 
pottery. 

Shell  Marl. 

Deposits  of  this  kind  are  frequently  found  below  accumulations  of 
peat,  the  marl  in  these  instances  being,  therefore,  of  not  very  recent 
formation,  but  in  other  cases  it  is  found  to  be  still  in  process  of  de- 
position, covering  the  bottoms  of  shallow  ponds  or  lakes. 

Emerald  lake,  about  five  miles  west  of  the  Opimika  narrows,  is  at 
the  headwaters  of  one  of  the  branches  of  Opimika  creek,  which 
reaches  Lake  Timiskaming  from  the  west  immediately  above  the 
Opimika  narrows.  This  creek  and  the  lakes  which  it  empties 
are  remarkable  for  their  clear  water.  Emerald  lake  itself  is  com- 
paratively insignificant  in  size,  being  only  about  half  a  mile  In 
length,  by  a  quarter  of  a  mile  in  greatest  width  at  the  southern  end, 
gradually  tapering  towards  its  outlet  at  the  northern  extremity.  The 
lake  is  in  a  small  valley  from  eighty  to  one  hundred  feet  in  depth. 
At  the  southeast  corner  is  a  very  shallow  bay,  affording  entrance  to  a 
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stream  which  is  fed  by  a  number  of  large  cold  springs  that  rise  at  the 
base  of  an  amphitheatre-like  gully,  at  the  base  of  steep  banks  com- 
posed mainly  of  sand  and  gravel.  The  water  of  the  bay,  although  so 
shallow,  is  very  cold  even  during  the  hottest  days  of  summer,  while 
the  whole  bottom  is  covered  with  a  deposit  of  shell  marl  of  unknown 
depth.  That  this  depth  ia  considerable  there  is  no  reason  to  doubt, 
a?  the  soundings  made  with  long  poles  failed  to  reach  the  bottom  of 
the  deposit.  Besides  this  bay  the  whole  lake  contains  marl  deposited 
on  the  bottom,  while  the  pebbles  and  boulders  near  the  outlet  show  a 
considerable  coating  of  this  loosely  coherent,  earthy  carbonate  of  lime. 
The  water  of  these  springs  is  evidently  calcareous  and  is  found  to 
be  slightly  aperient. 

According  to  Mr.  J.  F.  Whiteaves,  who  has  examined  the  speci- 
mens of  fresh  water  sheila  obtained  from  this  locality,  the  species 
represented  are  Sphcerium  sulcatum  (Lam.),  and  PlanorbU  frivolvis 
(Say)  var.  macrostomus  (Whiteaves). 

A  sample  of  the  marl  examined  in  the  laboratory  of  the  Survey  was 
found  to  have  the  following  composition*: — 


Hygroscopic  water  (after  drying  at  100°  C.)   r06  per  cent. 

Lime     48  32  „ 

Magnesia   0  04 

Alumina      0  07  « 

Ferric  oxide   0  08 

Mansjanous  oxide   .   Traces 

Potassa   Trace* 

Soda  Traces 

Carbonic  acid   88  01 

Sulphuric  acid   0  07  •■ 

Phosphoric  acid   ..     0-02  •• 

Silica,  soluble   0  10 

Insoluble  mineral  matter   8*62  <> 

Organic  matter,  vis.:  vegetable  fibre  in  a  state  of 
decay,  and  products  of  its  decay,  such  as  humus, 
humic  acid,  etc.,  and  possibly  a  little  combined 
water    4  79  .. 


10012 

"  Assuming  the  whole  of  the  lime  to  be  present  in  the  form  of  car- 
bonate, trifling  quantities  of  which  are,  however,  present  in  other 
forms  of  combination,  the  amount  found  would  correspond  to  86-28 
per  cent  of  carbonate  of  lime.  The  insoluble  mineral  matter  was 
found  to  consist  of  ":— 


Silica         .     ■••  6'24  per  cent. 

Alumina  and  ferric  oxide   1  '51  •< 

Lime   0  29 

Matrm-sia    008 

Alkalies  (?)   0  50  „ 


1  otnl    .    8  62 


•Annual  Report,  Geol.  Surv.  Can.,  vol.  VII.  (N.S.).  1894.  p.  31  R. 
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Marl  is  often  used  as  a  fertilizer,  and  deposits  such  as  that  exposed 
at  Emerald  lake  should  be  of  value  locally  for  this  purpose. 

Grindstone*  and  Whetstones. 

Some  of  the  material  contained  in  portions  of  the  beds  of  coarse 
sandstone  and  grit  found  near  the  base  of  several  of  the  Palaeozoic 
outliers  would  probably  be  suitable  for  tho  purpose  of  making  grind- 
stones. A  quarry  waa  opened  many  years  ago  on  one  of  these  arena- 
ceous beds  exposed  above  Deux  Rivieres,  which  furnished  some  excel- 
lent grindstones.  Where  the  layers  are  not  thick  enough  for  this  pur- 
pose they  would  furnish  whetstones  of  a  very  fair  quality.  Where  too 
hard  and  compact  these  stones  answer  only  for  a  short  time,  when 
first  used,  soon  becoming  too  much  polished. 

Portions  of  the  very  fine-grained,  banded  slates  and  greywacke's 
so  frequently  met  with  throughout  the  northern  and  northeastern 
part  of  the  district  may  probably  afford  material  suitable  for  hones 
and  whetstones. 

Clay  for  Bricks  and  Earthenware. 

Clay  suitable  for  the  manufacture  of  bricks  extends  over  a  very 
large  area  in  the  northern  part  of  Lake  Timiskaming,  from  the 
vicinity  of  the  combined  mouths  of  the  Montreal  and  Matabitchouan 
rivers,  northwards  far  beyond  the  confiines  of  the  present  map.  The 
bricks  for  the  large  convent  and  church  built  by  the  missionaries  of 
the  Oblat  order  at  Baie  des  Peres  were  made  there.  In  the  vicinity 
of  North  Bay,  and  extending  thence  some  distance  beyond  Verne, 
brick  clay  is  readily  accessible,  although  sometimes  concealed  by  the 
presence  at  the  surface  of  varying  thickness  of  yellow  sand.  A  brick- 
yard was  in  successful  operation  at  North  Bay  for  some  years,  and. 
if  the  local  demand  were  sufficient  it  would  no  doubt  be  re-openid. 
Some  of  these  beds  of  clay  might  also  furnish  material  applicable  for 
the  manufacture  of  coarse  earthenware,  but  so  far  no  clays  fit  for 
the  finer  kinds  of  pottery  have  been  found  in  this  region. 

Mica. 

Both  biotite  and  museovite  are  among  the  commonest  constituents 
of  the  various  Laurentian  gneissic  rocks,  but  although  thus  widely 
distributed  their  presence  in  this  association  is  not  of  economic  im- 
portance. The  numerous  and  often  large  pegmatite  dikes  that  cut 
these  Laurentian  rocks  give  promise,  in  places,  of  affording  a  supply 
of  mica  in  sheets  sufficiently  large  and  in  such  quantities  as  to  be 
available  for  economic  purposes.  The  southern  portion  of  the  township 
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of  Calvin  is  perhaps  the  most  important  of  these  localities,  but  so  far 
the  muscovite  obtained,  representing  the  material  exposed  at  or  near 
the  surface,  has  been  too  inferior  in  quality  to  command  a  price 
commensurate  with  the  cost  of  mining.  The  opening  up,  however, 
of  a  large  portion  of  the  southeastern  portion  of  the  area  of  the  Lake 
Nipissing  sheet  for  settlement,  may  bring  to  light  other  masses  of 
pegmatite  producing  good  mica. 

Asbestus. 

This  mineral  has  been  found  in  the  district.  One  of  these  localities 
is  situated  near  the  west  shore  of  the  "  Mattawapika "  on  Lady 
Evelyn  lake,  on  the  Haycock  mining  location.  It  is  also  known  10 
occur  in  the  northeast  of  Baie  des  Peres,  but  the  deposits  thus  far 
discovered  are  not  very  extensive. 

Graphite. 

This  mineral,  so  abundant  in  the  Laurentian  area  farther  to  the 
southeast,  is  of  rather  rare  occurrence  in  the  region  under  descrip- 
tion, and  although  doubtless  present  as  an  occasional  constituent  of 
some  of  the  gneissic  rocks  its  presence  was  only  noticed  at  one 
locality,  where  it  occurs  disseminated  in  minute  grains  and  scales 
throughout  the  biotite-cyanite-gneiss  exposed  near  the  shores  of  the 
Ottawa  in  the  vicinity  of  Les  Erables  rapids  and  Snake  creek.  Its 
presence  in  a  rock-mass  has  often  been  referred  to  as  evidence  of  its 
sedimentary  origin,  but  in  this  instance  there  seems  to  be  no  doubt 
whatever  that  the  rock  containing  it  is  a  rather  unusual  phase  of  the 
biotite-gneiss,  and  as  such  is  to  be  considered  as  a  foliated  plutonic 
mass. 

Apatite. 

This  mineral,  though  abundant  as  an  accessory  or  accidental  con- 
stituent of  many  of  the  crystalline  rocks  occurring  in  this  region,  has 
not  yet  been  found  in  deposits  possessing  any  commercial  value. 
The  only  locality  where  it  was  noticed  in  such  quantity  as  to  bo 
recognizable  without  the  aid  of  the  microscope  is  on  the  property  of 
Mr.  Emery  Racicot,  on  lot  4,  con.  VI.,  of  the  township  of  Ferris,  a 
short  distance  from  Nasbonsing,  a  flag  station  on  the  Canadian 
Pacific  railway.  A  pegmatite  dike  is  here  exposed,  composed  chiefly 
of  very  pure  and  coarsely  cleavable  flesh-red  orthoclase,  with  which  -s 
associated  a  much  smaller  quantity  of  black  biotite  often  in  large 
cleavable  fragments.    The  dike  is  about  six  feet  in  width,  has  .1 
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direction  a  little  west  of  north,  according  with  the  foliation  of  the 
garnetiferous  hornblende-gneiss  with  which  it  is  associated.  The 
apatite  occurs  very  sparingly,  generally  in  small  well  developed 
prismatic  crystals  embedded  chiefly  in  the  biotite.  Some  of  the 
crystals  noticed  presented  the  following  combination  of  faces: 
ooP.  P.  OP.  oo  P2.  Most  of  the  crystals  were  too  fragile  on 
account  of  their  long  exposure  to  admit  of  their  being  liberated 
without  breaking  from  the  material  in  which  they  were  enclosed. 
The  feldspar  in  this  and  other  dikes  in  the  near  vicinity  is  very  pure, 
and  large  pieces,  many  pounds  in  weight,  could  be  readily  secured 
without  any  admixture  of  foreign  matter. 

Fluorite, 

Fluorite  or  flour-spar  is  found  in  large  cleavable  masses,  associated 
with  orthoclase,  microcline  and  perthite,  in  the  large  pegmatite  dikes 
that  cut  the  biotite-gneisses  in  the  township  of  Cameron,  about  four 
miles  and  a  half  east  of  Mattawa.  The  fluorite  is  of  a  light-greenish 
colour,  but,  like  the  feldspathic  constituents  of  these  dikes,  is  very 
much  stained  and  infiltrated  with  ferric  hydrate,  which  fills  the 
numerous  cracks  and  fissures  present  in  the  mineral. 

Molybdenite. 

The  presence  of  this  mineral  as  an  occasional  constituent  of  quartz 
veins  has  been  noticed  in  this  district  immediately  surrounding  Lake 
Nipissing.  It  is  stated  to  occur  in  considerable  quantity  to  the  north 
of  Talon  creek,  on  the  Mattawa  river,  although  its  presence  there 
was  not  verified  during  the  progress  of  the  examination  of  the  region. 

Steatite. 

This  mineral,  usually  a  decomposition  product  of  basic  pyroxenic 
or  hornblendic  rocks,  is  not  very  commonly  met  with,  but  specimens 
were  obtained  of  tolerably  pure  material  from  the  west  shore  of  Lake 
Tiraiskaming,  about  four  miles  south  of  the  Montreal  river. 

Amazon-stone  and  Perthite. 

These  two  minerals  are  intimately  associated  with  one  another, 
constituting  much  of  the  feldspathic  constituents  of  some  pegmatites 
which  cut  a  readily  disintegrating  biotite-gneiss  that  outcrops  on  lot 
7,  con.  B,  of  the  township  of  Cameron,  about  four  miles  and  a  half 
east  of  Mattawa.  Four  openings  have  been  made  of  the  nature  of 
small  pits  or  shallow  trenches,  extending  only  a  few  feet  below  the 
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surfaoe.  The  largest  dike  is  about  five  feet  in  greatest  width,  run- 
ning northeast  and  southwest.  The  railway  line  is  about  200  yards 
to  the  north,  while  the  Ottawa  river  passes  about  500  yards  to  the 
south  of  the  exposure.  The  openings  were  made  for  apatite,  and  work 
on  the  property  was  abandoned  when  this  material  was  not  foun.L 
The  amazon-stone  when  fresh  is  of  a  very  beautiful  deep  bluish- 
green  colour,  but  owing  to  its  proximity  to  the  surface  much  of  the 
material  is  more  or  less  stained,  and  the  minute  crevices  are  filled 
with  ochre.  This  defect  would  doubtless  soon  disappear  in  depth. 
Some  of  the  material  secured  at  the  insignificant  depth  reached  by 
the  present  workings  is  remarkably  good,  and  is  suitable  for  cutting 
and  polishing. 

The  perthite,  which  is  intimately  associated  with  the  amazon-stone 
at  this  locality,  is  a  pale  flesh-red  aventurine  feldspar,  shown  to  con- 
sist of  a  fine  interlamination  or  parallel  intergrowth  of  albite  and 
orthoclase.  The  alteration  of  the  darker-coloure.l  flesh-red  orthoclase 
with  the  paler  albite,  and  the  accompanying  brilliant  aventurine 
reflections,  produce  a  beautiful  stone  when  cut  and  polished. 

Cyanite. 

The  occurrence  of  this  mineral  in  situ  in  Canada  was  first  noticed 
by  the  writer  in  1890,  in  a  cutting  on  the  main  line  of  the  Canadian 
Pacific  railway,  about  half  a  mile  east  of  Wanapitei  station.  Here 
it  occurs  in  flattened  blade-like  crystals  and  fragments,  in  associa- 
tion with  a  reddish  almandine  garnet  in  a  mica-diorite-gneiss.  The 
crystals  usually  conform  to  the  foliation,  but  sometimes  they  occur  ;n 
groups  and  clusters  disposed  at  varying  angles  to  the  schistosity.  In 
the  more  basic  portions  of  the  gneiss  the  crystals  are  darker  in 
.  colour,  and  have  undergone  in  places  rather  extensive  cracking  and 
deformation  as  a  result  of  pressure.  In  the  more  acid  or  pegmatitic 
portions  of  the  rock  the  cyanite  is  much  lighter  in  colour  and  occurs 
in  stouter  prisms.  Fibrolite  (sillimanite)  also  occurs  in  this  locality, 
developed  chiefly  along  certain  crevices  in  the  gneiss.  It  is  fibrous 
or  finely  columnar  in  structure,  and  is  traversed  at  right  angles  to 
the  fibres  by  numerous  fine  cracks.  Sometimes  it  occurs  in  curious 
irregularly  radiating  or  plumose  aggregates.  The  colour  when  fresh 
is  of  a  pale  bluish-grey. 

During  the  examination  of  the  Ottawa  river  above  Mattawa 
cyanite  was  again  noticed  as  a  constituent  of  the  biotite-gneiss 
exposed  in  the  cuttings  on  the  Timiskaming  branch  of  the  Canadian 
Pacific  railway  in  the  vicinity  of  Les  Erables  rapid  and  Snake 
creek.    Here  also  it  occurs  in  long,  thin-bladed  crystals  in  associa- 
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tion  with  red  garnet,  and  is  in  many  places  so  abundant  a  consti- 
tuent of  the  gneiss  as  to  characterize  this  rock.  The  crystals  are 
usually  light-bluish  or  greenish,  but  some  show  a  beautiful  deep 
azure-blue  centre  with  white  margins. 

Fossil  Corals. 

The  particularly  fine  fossil  corals  of  the  Niagara  outlier  exposed  on 
the  shores  and  islands  of  the  northern  portion  of  Lake  Timiskaming, 
which  have  undergone  in  most  cases  complete  silicification,  would 
doubtless  not  only  command  a  ready,  though  somewhat  limited,  sale 
as  specimens,  but  when  polished  would  form  an  attractive  ornamental 
stone  for  certain  purposes.  The  west  side  of  Mann  island  exhibits 
abundant  specimens  of  this  kind. 

Springs. 

The  region,  as  a  whole,  is  not  characterized  by  abundant  springs, 
although  occasionally  some  large  ones  are  encountered.  Opimika 
creek,  reaching  Lake  Timiskaming  from  the  west  immediately  north 
of  the  narrows  of  the  same  name,  is  chiefly  fed  by  springs,  as  is  also 
Latour  creek,  which  enters  the  same  lake  on  the  west  side  about  four 
miles  above  the  Old  Fort  narrows.  Both  these  streams  are  remark- 
able for  the  coldness  and  clearness  of  their  waters,  and  for  the  fine 
specimens  of  brook  trout  to  be  found  in  them.  A  fine  large  spring 
rushes  down  the  hill  immediately  behind  Thompson  bay,  below,  the 
Opimika  narrows,  on  the  east  side  of  Lake  Timiskaming,  about  ha!f 
a  mile  east  of  the  old  Hudson's  Bay,  Co.'s  post.  Another  spring  of 
good  water  flows  down  at  the  head  of  Les  Erables  rapids  on  the 
Ottawa.  As  the  country  becomes  settled  many  new  springs  will  be 
found,  but  the  abundance  of  good  water  contained  in  the  many  lakes 
and  streams  of  the  region  renders  the  presence  of  springs  much  less 
important,  although  as  a  rule  the  water  in  these  lakes  is  rather  warm 
for  drinking  purposes  during  the  summer  months.  During  a  con- 
siderable portion  of  the  summer  the  presence  of  a  large  number  of 
minute  greenish  or  yellowish  particles,  often  so  abundant  as  to  form 
n  scum  at  the  surface  or  around  the  margins  of  the  lakes,  renders  the 
water  of  many  of  them  more  or  less  unfit  for  drinking  purposes.  The 
waters  of  the  springs  that  feed  Eemerald  lake,  at  the  head  of  one  of 
the  branches  of  Opimika  creek,  have  already  been  referred  to.  They 
are  the  only  ones  known  to  possess  therapeutic  qualities. 
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REGIONAL  DESCRIPTION. 
The  Ottawa  RIVER  AND  Lake  Timiskaming. 
General  Features. 

As  may  be  seen  by  a  reference  to  the  accompanying  map-sheets,  a 
considerable  length  of  the  Ottawa  is  included  by  them.  From  tho 
northeast  bay  of  Lac  des  Quinze  where  it  enters  the  Lake  Tiinisku- 
ming  sheet,  to  the  mouth  of  the  Mattawa  { which  for  convenience  has 
been  included  in  the  southern  sheet)  the  distance  is  about  142  miles. 
Three  large  lakes  occur  in  this  distance,  which  may  be  regarded  sim- 
ply as  expansions  of  the  stream. 

The  most  northern  of  these  expansions,  known  as  Lac  des  Quinza, 
is  very  irregular  in  outline,  with  several  long  arms  or  bays  running 
in  various  directions,  but  the  most  direct  line  of  communication 
through  the  lake  measures  about  twenty-two  miles.  This  lake  is 
separated  from  Lake  Timiskaming  by  a  short  stretch  of  water  known 
locally  as  the  "  Quinze  river,"  noted  for  its  wild  and  dangerous  rapids, 
and  which  in  its  eighteen  miles  of  length  falls  a  distance  of  two 
hundred  and  sixty  feet.  Lake  Timiskaming,  into  which  this  stream 
empties,  is  sixty-seven  miles  long  from  the  mouth  of  the  Quinze  to 
the  head  of  the  Long  Sault  rapids,  while  Seven-league  lake,  which 
commences  at  the  foot  of  these  rapids,  adds  a  further  length  of  seven- 
teen miles.  While  it  would  thus  appear  that  the  river,  strictly  speak- 
ing, embraces  only  about  thirty-eight  miles  of  this  whole  distance,  it 
may  be  stated  that  a  considerable  proportion  of  that  generally  includ- 
ed as  lake  should  in  reality  be  considered  as  portions  of  the  river 
proper.  A  large  part  of  these  water-stretches  exceeds  but  very  little, 
if  at  all,  the  average  width  assumed  by  the  river  when  not  obstructed 
by  rapids,  while  at  several  points  a  swift  current  is  present,  denoting 
f  small  though  appreciable  change  of  level. 

Thus  Seven-league  lake,  in  its  lower  portion,  is  only  about  a 
quarter  of  a  mile  wide,  while  in  the  upper  part  it  never  exceeds  half 
e  mile.  In  this  lake  a  light  current  can  usually  be  detected,  showing 
a  total  fall  in  the  whole  length  of  about  a  foot  during  the  ordinary 
low  water  of  summer;  but  during  times  of  freshet  this  current  is 
augmented,  and  the  total  fall  is  increased  to  a  little  over  two  feet. 

Lake  Timiskaming  itself,  as  noted  in  the  appendix,  shows  a  differ- 
ence in  level  of  a  foot  from  the  head  of  the  Long  Sault  rapids  to  the 
wide  portion  above  the  Old  Fort  narrows,  while  the  lower  portion  of 
the  lake  south  of  the  mouth  of  the  Montreal  river  is  quite  river-like. 
This  difference  in  level  is  maintained  by  three  very  pronounced  con- 
tractions.   The  most  northerly  of  these  is  at  the  Old  Port  narrows, 
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where  the  lake  is  pinched  in  between  two  bold  hills  of  gravel,  leaving 
a  channel  a  little  less  than  800  feet  wide  at  ordinary  stages  of  the 
water.  At  the  Opimika  narrows,  about  thirty-five  miles  farther,  a 
still  more  pronounced  current  flows  through  a  strait  which  at  one 
place  is  leas  than  200  yards  in  width.  This  current,  formerly  known 
to  the  old  voyageurs  as  "  La  Gabre,"  shows  a  descent  of  fully  half  a 
foot.  At  Presquile,  about  a  mile  north  of  the  head  of  the  Long 
Sault,  the  third  contraction  occurs,  and  here  again  a  considerable 
current  may  be  noticed,  but  not  so  strong  as  at  the  Opimika. 

The  Ottawa,  from  the  northeast  bay  of  Lake  des  Quinze,  has  a 
general  direction  of  a  few  degrees  south  of  west  as  far  as  the  head  of 
Lake  Timiskaming.  At  this  point,  however,  it  suddenly  changes, 
and  from  the  head  of  this  lake,  as  far  as  the  mouth  of  the  Mattawa 
river,  the  stream  flows  about  S.  30°  E.  In  places  there  is  a  decided 
divergence  from  this  general  course,  caused  by  local  bends,  which 
are  especially  characteristic  of  the  upper  portion  of  the  river,  but 
from  Lake  Timiskaming  to  the  Mattawa  the  river  follows  an  un- 
usually uniform  and  deep  valley,  and  any  bends  which  do  occur  are 
in  the  nature  of  large  curves. 

The  upper  part  of  the  river  above  Lake  Timiskaming  occupies  a 
very  pronounced  valley,  and  the  hills  around  Lac  des  Quinze  present 
the  usual  rounded  or  dome-like  outlines  so  distinctive  of  areas  under- 
lain by  the  Archaean  gneissic  rocks.  Except  on  the  northern  portion 
of  the  lake,  where  they  are  unusually  bold,  ranging  from  200  to  300 
feet  in  height,  the  hills  are  as  a  rule  low,  averaging  less  than  100 
feet  The  Quinze  river,  which  usually  breaks  across  the  strike  of  the 
enclosing  rocks,  occupies  an  original,  but  not  very  pronounced,  depres- 
sion. When  Timiskaming  is  reached  these  conditions  undergo  a 
decided  change;  and  the  valley,  especially  in  the  lower  portion,  is 
fiord-like  in  aspect.  From  the  Mountain  rapid  to  the  mouth  of  the 
Mattawa  the  river  breaks  across  irregular  ranges  of  hills,  which  rise 
very  abruptly  from  the  water  to  heights  of  from  400  to  600  feet, 
while  the  shores  on  either  side  of  Seven  League  lake,  which  are  as  p 
rule  bold  and  rocky,  preserve  a  rather  constant  elevation  of  from 
200  to  300  feet.  In  the  construction  of  the  Lake  Timiskaming  branch 
of  the  Canadian  Pacific  railway  along  the  rocky  eastern  bank  this 
was  so  steep  and  abrupt  that  it  was  found  necessary  in  most  instances 
to  make  large  rock-cuts,  the  road  skirting  the  shore. 

From  the  mouth  of  the  Montreal  river  to  the  Long  Sault  rapids 
the  banks  on  both  sides  of  Lake  Timiskaming  are  extremely  bold, 
and,  as  a  rule,  rocky,  and  frequently  for  several  miles  present  un- 
broken cliffs.  The  hills  on  both  the  Ontario  and  Quebec  sides  of  the 
lake  rise  very  steeply  from  350  to  600  feet,  with  but  few  minor  and 
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unimportant  breaks  where  some  of  the  larger  streams  flow  in. 
Throughout  the  whole  of  the  distance  from  Mattawa  the  tributary 
streams  all  show  a  very  abrupt  descent  to  this  valley.  Above  the 
mouth  of  the  Montreal  the  topographical  outline  changes  somewhat 
suddenly,  and  the  shore,  though  still  in  many  places  steep  and  abrupt, 
is  not  continuously  so;  while  wide  and  open  valleys  covered  with 
drift  separate  the  still  high  hills.  The  west  shore  of  the  lake  is  especi- 
ally steep  and  regular,  and  until  Haileybury  is  reached  no  flat  of 
any  appreciable  extent  occurs.  Near  the  northwest  corner  of  the 
lake  large  and  comparatively  level  tracts  exist  that  extend  far  be- 
yond the  boundaries  of  the  accompanying  map,  and  are  fast  being 
opened  up  for  settlement. 

The  eastern,  or  Quebec  shore,  presents  many  deep  and  important 
indentations,  and  although  numerous  high  and  exceedingly  rugged 
hills  occur,  they  are  for  the  most  part  separated  from  one  another  by 
flats  of  clay.  These  have  in  many  instances  been  cleared  and  are  rt 
present  occupied  b>-  prosperous  farmers,  the  soil  being  good  and 
yielding  abundant  crops. 

The  depression  occupied  by  Lake  Timisgaming  extends  in  a  north- 
westerly direction,  but  becomes  divided  into  two  subsidiary  valleys  by 
the  flat  limestone  promontory  terminating  in  Dawson  point.  These 
valleys  are  occupied  by  the  two  important  tributaries  known  as  Wabi 
creek  and  the  Blanche  (or  White)  river. 

It  has  always  been  known  that  the  Ottawa  river  is,  in  many 
portions  of  its  course,  very  deep,  but  no  accurate  information  regard- 
ing its  depth  was  published  until  Mr.  Thos.  Guerin,  C.E.,  examined 
that  part  of  the  river  above  Mattawa.*  Those  soundings  were,  how- 
ever, few  in  number  and  confined  chiefly  to  Seven  League  lake,  al- 
though a  few  were  obtained  in  the  vicinity  of  Chief  island  on  Lake 
Timiskaming.  Mr.  Guerin  states  that  Seven  League  lake  was  sound- 
ed in  several  places,  the  depth  obtained  being  generally  about  sixty 
feet.  In  one  place  it  was  397  feet,  but  in  no  place  was  it  found  to 
be  less  than  thirty  feet  deep.  The  sounding-line  on  Lake  Timiskam- 
ing was  unfortunately  only  120  feet  long,  and  on  continuing  the 
soundings  south  of  Chief  island  it  soon  failed  to  reach  the  bottom. 

During  the  progress  of  the  geological  survey  several  calm  moon- 
light nights  were  spent  in  sounding  Lake  Timiskaming.  These  sound- 
ings were  commenced  at  the  Opimika  narrows  where  the  deepest 
water  was  found  to  occur  in  close  proximity  to  the  western  shore 
which  is  here  steep  and  rocky.  The  bottom  is  composed  of  coarse 
gravel  and  boulders,  and  the  lead  showed  a  narrow  and  tortuous 
channel  whose  greatest  depth  was  forty-five  feet. 

•Annual  Report.  Minister  of  Public  Worka,  1884-85,  pp.  106-107. 
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Four  more  soundings  were  taken  in  going  north,  in  the  next  mile, 
showing  a  gradual  deepening  with  a  gravelly  and  ultimately  a  sandy 
bottom.  These  soundings  were  respectively  55,  47,  75  and  111  feet. 
About  midway  between  Main  Channel  islet  and  the  west  shore  the 
channel  is  sixty-five  feet  deep,  while  that  between  this  island  and  the 
eastern  shore  is  only  fifty-five  feet.  It  is  evident  that  there  exists  at 
this  point  a  considerable  .bar,  due  to  the  deposition  of  morainic  or 
drift  material,  of  which  Main  Channel  islet  (wholly  composed  of 
boulders)  forme  the  culminating  point. 

From  this  place  to  within  half  a  mile  of  McMartin  point  three 
Soundings  were  taken,  showing  an  increase  first  to  95  feet,  then  139 
feet  and  183  feet,  while  three  soundings  taken  at  this  point  showed 
211  feet  in  mid-channel,  and  198  and  127  feet,  the  latter  being  within 
200  yards  of  the  western  shore.  Opposite  MeMartiii  point  the  lake 
again  appears  to  shallow  somewhat.,  and  the  deepest  sounding  near 
the  centre  was  157  feet,  while  half  way  between  this  and  the  western 
shore  it  shallows  still  further  to  130  feet.  Again  it  would  seem  that 
this  shallow  portion  is  caused  by  an  accumulation  of  morainic  debris, 
of  which  McMartin  point  forms  the  shoreward  extension. 

All  of  the  above  soundings  showed  a  bottom  composed  of  very  fine 
gravel  or  sand.  To  the  north  of  McMartin  point  the  lake  deepens 
rapidly  and  maintains  a  very  uniform  depth  as  far  as  the  mouth  of 
the  Kipawa  river.  About  a  mile  north  of  McMartin  point  the  depth 
noted  was  425  feet,  while  still  farther  north,  opposite  Latour's  mills, 
in  mid-stream,  the  depth  found  was  460  feet.  This  great  depth  was 
maintained  close  to  either  shore,  for  a  sounding  taken  within  ten 
chains  of  the  western  shore  showed  455  feet,  while  one  taken  an  equal 
distance  from  the  eastern  shore  was  320  feet.  About  a  mile  farther 
north  the  lake  is  423  feet  deep  and  again  in  mid-channel  opposite 
the  Buffalo  rock  it  is  430  feet  deep.  The  deepest  sounding  made  was 
taken  a  little  over  a  mile  south  of  the  Kipawa  river,  about  the  mid- 
dle of  the  lake,  the  depth  being  470  feet.  Going  northward  the  lake 
shallows,  and  opposite  the  mouth  of  the  Kipawa  is  only  302  feet 
deep.  Throughout  this  interval  of  great  depth,  from  McMartin  point 
northward,  the  whole  bottom  was  found  to  be  covered  by  a  soft,  unctu- 
ous, grey  clay  or  ooze  into  which  the  lead  sank  a  foot  or  more. 

The  depth  ascertained  at  the  mouth  of  the  Kipawa  remains  uni- 
form to  within  a  mile  of  the  combined  mouths  of  the  Montreal  and 
Matabitchouan  rivers,  where  it  is  347  feet.  Northward  the  lake 
gradually  shallows,  and  opposite  the  mouths  of  these  streams  has 
been  partly  filled  up  by  an  extensive  deposit  of  sand  and  gravel 
that  forms  the  bottom  in  this  neighbourhood.  These  streams  cannot, 
however,  account  for  the  vast  accumulation  of  loose  material  whirh  is 
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here  evidently  present,  for  the  lake  is  over  a  mile  wide,  and  for  more 
than  a  mile  in  length  has  been  filled  up  by  a  deposit  varying  from  100 
to  150  feet  in  depth.  Farther,  the  lake  shallows  considerably  to  the 
north  of  these  streams,  while  the  reverse  would  have  been  the  case  if 
the  whole  of  the  material  had  been  brought  down  by  them.  This 
extensive  bar  has  probably  been  deposited  in  the  first  place  as  a  lateral 
moraine  in  the  shelter  of  the  bay  in  the  rocky  hills  that  occur  at  the 
mouths  of  these  rivers,  while  the  material  subsequently  transported 
and  laid  down  by  the  streams  has  reformed  and  modified  these  de- 
posits, producing  the  somewhat  wide  delta  now  found. 

Opposite  the  mouth  of  the  Montreal  river  the  depth  of  the  lake  in 
the  middle  is  275  feet,  while  about  three-quarters  of  a  mile  farther 
north  this  again  decreased  to  256  feet.  Still  farther  north  the  lake 
deepens  rapidly,  and  two  miles  north  of  the  Montreal  river  the 
soundings  showed  a  somewhat  uniform  depth  of  400  feet  A  little 
over  half  a  mile  southeast  of  Roche  McLean  the  lake  is  378  feet 
deep,  while  opposite  the  north  end  of  Quinn  point  it  is  370  feet. 
Here  again  a  bar  composed  of  boulders  and  clay  with  a  little  sand 
extends  from  the  northeast  end  of  this  point  for  nearly  a  quarter  of 
a  mile,  with  only  about  five  feet  of  water  at  ordinary  summer  leveL 
In  the  centre  of  the  large  open  space  to  the  north  of  Quinn  point 
the  lake  is  348  feet  deep,  while  in  the  middle  of  the  Narrows,  opposite 
Pointe  a  la  Barbe,  it  is  only  170  feet  deep.  In  the  open  space  opposite 
the  mouth  of  the  Little  river  it  is  175  feet  deep,  thus  showing  a 
rather  uniform  depth  in  this  position. 

The  Old  Fort  narrows  is  a  very  decided  contraction  occasioned  by 
two  bold  hills  of  sand,  gravel  and  boulders.  The  deposition  of  the 
material  at  this  point  was  evidently  determined  by  a  pre-existing 
rocky  narrows,  the  higher  portions  of  which  may  be  seen  protruding 
from  the  surrounding  mantle  of  sand  and  gravel.  During  the  retire- 
ment of  the  ice-sheet  up  the  valley  of  the  lake  a  large  amount  of 
morainic  material  was  deposited  at  this  place,  thus  still  further  reduc- 
ing the  channel.  In  the  channel,  immediately  opposite  the  Hudson's 
Bay  Co.'s  old  store,  the  first  sounding  showed  a  depth  of  thirty-one 
feet,  which  was  gradually  increased  to  about  seventy-five  yards  from 
the  west  shore;  while  less  than  thirty  yards  from  the  west  shore  the 
depth  was  found  to  be  forty-six  feet.  To  the  north  the  lake  gradually 
deepens,  first  to  eighty-eight  feet  about  an  eighth  of  a  mile  north  of 
the  Narrows,  and  finally  to  120  feet  about  half  a  mile  north.  In  the 
opposite  direction,  or  southwards,  on  the  other  hand,  the  lake  deepened 
first  to  sixty-five  and  then  to  130  feet  within  less  than  an  eighth  of  a 
mile. 

There  seems,  therefore,  to  be  no  warrant  for  the  supposition  that 
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this  barrier  of  sand,  gravel  and  boulders  extended  at  one  time  com- 
pletely across  the  lake,  for,  if  such  had  been  the  case,  it  appears  pro- 
bable that  the  removal  of  this  material  would  have  resulted  in  the 
accumulation  of  a  considerable  deposit  immediately  south  of  the 
Narrows,  which  is  not  found,  as  the  descent  on  the  south  side  is 
much  steeper,  in  fact  nearly  as  steep  ae  the  angle  of  repose,  under 
the  conditions,  for  gravel  and  sand. 

Our  soundings  did  not  extend  farther  to  the  north,  and  although 
the  western  shore-line  is  still  very  steep  and  abrupt  it  is  not  probable 
that  the  great  depth  characteristic  of  those  areas  to  the  south  of  the 
Narrows  is  maintained  in  this  direction,  although  occasional  localities 
with  considerable  depth  may  doubtless  be  found,  presumably  in  the 
neighbourhood  of  the  western  shore. 

The  highest  water  in  this  part  of  the  Ottawa  is  in  general  pecasioned 
by  the  melting  of  the  snow  in  spring,  and  occurs  usually  about  the 
latter  part  of  May,  while  the  time  of  low-water  is  during  September 
or  October,  according  to  the  setting  in  of  the  autumn  rains.  During 
the  summer  months  the  Ottawa  is  remarkably  and  quickly  affected 
by  very  heavy  or  long  continued  rainfalls.  In  ordinary  seasons  this 
difference  in  level  varies  from  twelve  to  fourteen  feet,  but  in  1887, 
and  again  in  1894,  Lake  Timiskaming  and  this  portion  of  the  Ottawa 
showed  the  astonishing  difference  of  twenty-one  feet  between  the  two 
extremes  of  high-and  low-water.  Both  of  these  years  were,  moreover, 
remarkable  for  an  extremely  heavy  snowfall  during  the  preceding 
winter,  thus  furnishing  conditions  for  an  extraordinary  spring 
freshet,  while  the  succeeding  summers  were  notable  for  excessive  and 
long  continued  drought,  and  the  lowest  water  occurred  during  the 
month  of  September. 

One  of  the  most  marked  effects  occasioned  by  this  difference  in 
.level  is  the  corresponding  difference  in  the  fall  of  the  Long  Sault 
rapids  that  separate  Lake  Timiskaming  from  Seven  League  lake,  and 
the  accompanying  increase  in  the  fall  of  the  rapid  at  the  outlet  of 
the  latter,  known  as  "  The  Mountain."  During  times  of  low  water 
the  fall  in  the  Long  Sault  rapids  is  almost  fifty-five  feet,  while  at 
high-water  it  is  only  forty-nine  feet.  On  the  other  hand,  during 
times  of  freshet,  the  Mountain  rapid  has  a  fall  of  seven  feet,  while  at 
low-water  there  is  only  a  fall  of  a  little  over  three  feet.  During  the 
same  time  Seven  League  lake  has  a  total  fall  of  two  and  a-half  feet 
in  times  of  high-water,  and  at  low-water  there  is  only  a  fall  of  half 
a  foot  from  the  north  to  the  south  end.  These  seeming  anomalies 
are  thus  explained  by  Mr.  Thomas  Guerin:* — "The  Long  Sault 
*  *  *  is  divided  at  its  head  by  an  island  into  two  channels, 
the  level  of  the  bottom  of  the  eastern  channel  being  about  seven  feet 
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below  that  of  the  bottom  of  tho  western  channel  which  becomes  dry  at 
low-water.  *  *  *  The  outlet  from  Seven  League  lake  is  at 
the  Mountain  rapid,  and  the  capacity  of  the  channel  here  is  less  than 
tho  united  capacities  of  the  two  channels,  which  constitute  the  outlet 
from  Lake  Timiskaming.  Hence  the  latter  channels  during  high- 
water  pour  a  greater  quantity  into  Seven  League  lake  than  the  out- 
let of  the  latter  is  able  to  discharge,  thus  causing  Seven  League  lake 
to  rise,  while  Lake  Timiskaming  falls  so  that  the  difference  of  level 
must  be  lea3t  at  high-water.  Again  when  the  level  of  Lake  Timis- 
kaming falls  so  low  as  to  render  the  western  channel  dry  then  the 
outlet  from  Lake  Timiskaming  will  be  confined  to  the  eastern  chan- 
nel, which  is  nearly  of  the  same  dimensions  as  the  outlet  of  Seven 
League  lake,  but  as  the  area  of  the  latter  lake  ib  many  times  less  than 
that  of  L°k->  Timiskaming  its  level  must  fall  faster,  and  the  differ- 
ence of  level  must  be  greater  at  low-water  than  at  any  other  tirael" 

The  rate  of  discharge  from  Seven  League  lake  was  measured  by 
Mr.  Guerin  at  the  current  immediately  above  the  Mountain  rapid,  on 
the  21st  of  August,  1884,  and  found  to  be  16,383  cubic  feet  per 
second.  From  a  comparison  of  the  levels  then  prevailing  it  was 
calculated  that  the  rate  of  discharge  during  times  of  high-water 
would  be  25,100  cubic  feet  per  second,  and  during  low  water  14,800 
cubic  feet  per  second. 

The  trend  of  the  Ottawa  valley,  from  its  confluence  with  the 
Mattawa  to  the  foot  of  Lake  Timiskaming,  is  nearly  northwest,  mak- 
ing a  considerable  angle  with  the  direction  of  the  foliation  of  the 
gneissio  rocks  along  its  banks.  At  the  mouth  of  the  Mattawa  a  sharp 
elbow  is  formed,  the  valley  below  that  river  turning  nearly  east,  in 
close  correspondence  with  the  foliation  of  the  gneisses,  and  coinciding 
in  direction  with  the  depression  occupied  by  the  Mattawa  river.  The 
sharpness  of  this  elbow  is  further  accentuated  by  the  fact  that,  for 
several  mile?  above  this  point,  the  course  of  the  Ottawa  river  is  nearly 
north-and-south. 

The  river  from  Mattawa  to  the  foot  of  Lake  Timiskaming  is  inter- 
rupted at  intervals  by  heavy  rapids,  three  of  which  occur  on  the  first 
fourteen  miles,  while  the  Long  Sault,  seventeen  miles  farther  up,  is 
six  miles  in  length. 

The  first  rapid,  four  miles  above  the  Mattawa,  is  now  known  as  La 
Cave.  It  is  about  half  a  mile  in  length  and  is  divided  into  two  leaps, 
the  lower  of  which  was  formerly  known  as  La  Cave,  while  the  upper 
portion  was  called  the  Demicharge  Chaudron,  or  Chaudiere.  The 
combined  fall  is  nearly  ten  feet,  divided  into  two  nearly  equal  parts. 
The  river  between  the  Mattawa  and  La  Cave  rapids  averages  about 

•Annual  Report  Minister  of  Public  Works,  1884-85,  pp.  107-108. 
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a  quarter  of  a  mile  in  width,  although  in  one  or  two  places  where  bays 
are  present  this  width  is  nearly  doubled.  Antoine  creek  is  the  main 
tributary  in  this  interval,  coming  in  from  the  west  and  draining  in 
its  course  the  larger  portions  of  the  townships  of  Mattawa  and  Olrig, 
its  source  being  in  some  small  lakes  situated  in  the  southwestern  part 
of  the  township  of  French. 

From  La  Cave  to  the  next  rapid,  known  as  Les  Erables,  is  a  little 
over  three  and  a  half  miles,  while  the  width  averages  about  a  third  of 
a  mile,  and  occasionally  somewhat  less.  Les  Erables  rapids  are  a 
little  over  half  a  mile  in  length,  with  a  descent  of  nearly  thirteen  feet. 
Latour  island,  at  the  foot  of  this  rapid,  and  almost  in  the  middle  of 
the  current,  shows  a  large  number  of  pot-holes  worn  out  in  the  rock. 
All  stages  in  the  process  may  be  seen  from  the  incipient  canals,  where 
the  eddies  have  commenced  to  wear  down  along  the  jointing  planes 
that  cut  the  rock  to  holes  ten  feet  in  diameter.  In  a  few  instances 
several  holes  are  seen  to  have  been  so  greatly  hollowed  out  that  they 
ultimately  joined  at  or  below  the  surface. 

Cotton  creek  enters  from  the  east  a  short  distance  below  the  foot  of 
Les  Erables  rapids,  forming  a  beautiful  cascade  as  the  water  tum- 
bles over  the  rough  ridges  of  gneiss  which  impedes  its  progress.  This 
stream  drains  a  number  of  lakes,  of  which  Lake  Memewin,  situated 
about  four  miles  to  the  east  of  the  river,  is  the  largest,  being  four 
miles  long,  and  very  irregular  in  outline.  Scarcely  three  miles 
and  a  half  intervenes  between  Les  Erables  and  The  Mountain,  where 
the  whole  volume  of  the  river  flows  through  a  narrow  channel  ob- 
structed by  Tocky  reefs  and  islets.  About  a  mile  above  Les  Erables 
rapids  another  stream  enters  from  the  east,  with  a  steep  descent  into 
the  valley  of  the  Ottawa.  This  stream,  now  known  as  Snake  creek, 
drains  a  number  of  small  lakes,  the  largest  of  which  is  Snake  lake, 
while  the  headwaters  are  in  a  small  lake,  from  which  only  a  short 
portage  is  necessary  to  reach  Obashing  lake.  It  thus  formed  a  por- 
tion of  the  old  winter  route,  which  left  the  Ottawa  river  at  the 
mouth  of  this  creek  and  reached  Lake  Timiskaming  a  short  distance 
below  the  Opimika  narrows.  About  a  mile  below  the  Mountain  i»pid 
one  of  the  highest  hills  was  ascended  and  found  by  aneroid  barometer 
to  be  520  feet  above  the  surface  of  the  water.  The  average  height 
of  the  hills  on  either  side  would,  therefore,  be  little  less  than  500 
feet. 

Seven  League  lake  is  a  stretch  of  navigable  water  nearly  seventeen 
miles  in  length,  extending  from  the  head  of  the  Mountain  to  the  foot 
of  the  Long  Sault  rapids.  The  banks  in  most  places  are  steep  and 
rocky,  and  one  or  two  places  perhaps  deserve  special  mention. 
Devils  Garden  bluff,  on  the  east  side,  presents  a  sheer  precipice  of 
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gneissic  rocks,  and  receives  its  name  from  the  fact  that  a  patch  of 
wild  onion  grows  near  its  summit.  Aboye  this,  on  the  west  side  and 
only  a  short  distance  below  the  foot  of  the  Long  Sault  rapids,  there  is 
a  sharply  accented  hill  thickly  overgrown  with  small  pine  trees, 
which,  from  its  marked  resemblance  to  the  characteristic  headgear  of 
the  Canadian  "  habitant,"  has  always  received  the  designation  of 
"  La  Tuque."   This  is  a  rather  important  and  well  known  land-mark. 

Three  important  tributaries  enter  Seven  League  lake.  The  first  of 
these,  known  as  East  creek,  has  its  source  near  the  eastern  limit  of 
the  southern  map-sheet,  and  is  thus  not  more  than  seven  miles  long, 
reaching  about  six  and  a  half  miles  below  the  foot  of  the  Long  Sault. 
The  next  stream,  however,  which  enters  on  the  west  side  about  half  a 
mile  farther  north,  is  much  larger,  and  named  Jocko  river,  after  a 
half-breed  of  that  name.  Formerly  the  stream  was  known  as  the 
Siconaguisipi  or  Blackstone  river,  a  name  appearing  in  Sir  William 
Logan's  report  on  the  region,  although  on  his  manuscript  map  it  is 
designated  as  the  Porcupine  river.  The  main  branch  of  this  stream 
heads  in  a  lake  about  two  and  a  half  miles  long,  bearing  the  same 
name,  and  situated  about  the  centre  of  the  township  of  Osborne,  a 
little  over  twenty  miles  in  a  straight  line  from  the  outlet.  Its  north- 
ern branches  drain  the  northern  parts  of  Osborne  and  Garrow  town- 
ships, and  also  a  considerable  area  of  unsurveyed  land  between  these 
townships  and  Nevin's  base-line.  The  southern  branches  drain 
almost  the  whole  of  the  townships  of  Stewart  and  Lockhart,  this  area 
being  but  slightly  less  than  seventy  square  miles.  The  river  has 
carried  down  a  quantity  of  loose  material  which  filla  up  a  large  area 
of  the  lake  in  the  vicinity  of  its  mouth.  It  flows  through  a  steep, 
narrow  valley,  and  in  debouching  on  the  lake  the  channel  makes  a 
sharp  bend  northward  through  the  gravel  sand,  thus  forming  what 
has  often  been  called  a  "  square  fork."  This  delta  is  200  yards  wide 
and  about  a  quarter  of  a  mile  long,  and  may  owe  its  origin  partly  to 
glacial  accumulation  and  deposition.  If  it  occurs  as  a  result  of 
stream  action  it  evidences  a  river  of  much  greater  volume  than  that 
which  now  occupies  this  valley. 

The  Obashing  is  the  third  stream  of  importance  entering  Seven 
League  lake  in  a  bay  on  the  east  side  close  to  the  foot  of  the  Long 
Sault  rapids.  The  lower  portion  of  this  stream  meanders  through  a 
sandy  flat  which  extends  inland  for  some  distance.  The  upper  por- 
tion of  the  stream,  however,  is  exceedingly  rough  and  rapid,  showing 
a  total  fall  of  about  300  feet  in  a  distance  of  scarcely  three  miles.  It 
affords  an  outlet  to  a  large  number  of  lakes  in  the  region  to  the  south 
of  Kipawa  lake,  the  largest  of  which  is  Obashing  lake.  The  name 
is  of  Chippewa  origin,  and  refers  to  the  narrows  which  divide  the  lake 
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into  two  very  nearly  equal  portions.  It  covers  an  area  of  about 
eleven  square  miles,  and  measures  ten  miles  from  east  to  west,  with 
an  average  width  of  from  one  to  three  miles.  Two  large  tributaries 
enter  the  eastern  end  01  the  lake,  the  most  northerly  being  known  as 
the  Otter  river. 

The  Long  Sault  rapids  separate  Seven  League  lake  from  Lake 
Thniskaming,  and  are  caused  by  a  great  accumulation  of  very  coarse 
gravel  and  boulders,  many  of  the  boulders  at  the  head  of  the  rapids 
are  exceedingly  large,  measuring  from  twelve  to  fifteen  feet  in  diam- 
eter. The  rapids  are  usually  very  narrow  and  crooked,  and  a  little 
over  six  miles  in  length.  Very  little  rock  in  situ  can  now  be  seen, 
although  it  is  evident  from  the  topography  that  the  detritus  was  de- 
posited in  a  pre-existing  shallow  narrows.  On  the  east,  or  Quebec 
side,  the  drift  material  forms  a  comparatively  level  space,  varying 
from  a  quarter  to  half  a  mile  in  width,  along  which  the  railway-line 
is  constructed.  With  skilful  canoemen  it  is  customary  to  run  the 
Long  Sault  rapids  in  the  larger  voyaging  canoes,  but  five  portages 
and  tracking  lines  are  necessary  when  an  ascent  is  made.  The  three 
lower  portages  are  on  the  east  side  of  the  stream,  and  the  two  upper 
ones  on  the  opposite  bank. 

Two  stream*  fall  into  the  Ottawa  at  the  Long  Sault,  one  from 
either  side.  McDougall  creek,  v,hich  flows  in  from  the  west  at  the 
Crooked  rapid,  takes  its  rise  in  some  small  lakes  about  ten  miles  to 
the  northwest,  and  Gordon  creek  enters  about  a  mile  below  the  head 
of  the  Long  Sault.  Logs  are  brought  from  Kipawa  lake  by  an 
artificial  channel  into  Oordon  creek,- down  which  they  are  run.  The 
total  fall  of  Gordon  creek  from  Kipawa  lake  is  about  300  feet, 
nearly  250  feet  of  which  is  below  Pike  lake  in  a  little  over  a  mile. 

Lake  Timiskaming  is  usually  regarded  as  commencing  at  the  head 
of  the  Long  Sault.   Tho  name  means  literally  "at  the  place  of  the 
deep  dry  water,"  doubtless  referring  to  the  existence  of  the  extensive 
clay  flats  in  the  northeastern  portions  of  the  lake  which  are  some- 
times dry.    The  lake  is  sixty-one  miles  long  in  a  bearing  X.  26°  W., 
with  an  area  of  about  125  square  miles.    From  the  head  of  the  Long 
Sault  to  the  Narrows  the  lake  is  about  a  quarter  of  a  mile  wide,  but . 
at  the  foot  of  the  Narrows  it  increases  in  width  to  about  a  mile,  on 
account  of  Thompson  bay,  situated  on  the  east  side.    Both  shores 
are  steep  and  high,  and  in  several  places  there  are  almost  perpendi- 
cular cliffs  over  200  feet  in  height.    On  the  Ontario  side  especially 
the  hills  are  covered  with  a  good  growth  of  pine  almost  to  the  water's 
«dge,  which  effectually  conceals  the  rock  beneath.   A  portion  of  the 
Quebec  side,  between  the  Narrows  and  Schooner  island,  has,  however, 
ken  almost  denuded  by  fire  of  its  original  forest  growth,  and  exposes 
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the  rough  and  broken  ridges  of  gneiss.  Schooner  or  Ship  island 
evidently  represents  the  apex  of  a  bouldery  shoal,  as  no  evidence  of  a 
rock  in  situ  could  be  found.  Presqutle,  about  a  mile  above  the  head 
of  the  Long  Sault,  has  been  designated  as  an  island,  and  although 
comparatively  deep  bays  approach  close  to  one  another  on  the  north 
and  south  sides  a  small  neck  of  land  unites  the  so-called  island  with 
the  eastern  shore.  It  evidently  represents  an  older  accumulation  of 
morainic  material  which  in  so  many  places  blocks  the  channel  of  the 
river. 

The  Opimika  narrows  are  about  two  miles  in  length,  and  very* 
crooked  and  contracted  towards  the  northern  end.  High  rocky  hills 
form  the  immediate  coast-line  on  the  west  side,  but  on  the  east  side 
the  shore  is  composed  of  sand,  gravel  and  boulders,  forming  a  flat 
over  a  quarter  of  a  mile  wide  to  the  base  of  the  rocky  hills.  The 
greatest  contraction  is  towards  the  north  end,  where  the  shore-lines 
are  only  a  little  over  a  hundred  yards  apart.  Two  creeks  enter  the 
Ottawa  at  the  Opimika  narrows.  The  largest  one,  now  known  as 
White  creek,  drains  two  or  throe  small  lakes  between  this  point  and 
Kipawa  lake,  the  largest  of  which,  White  lake,  is  over  half  a  mile 
in  width,  and  two  miles  in  length ;  the  eastern  end  approaching  within 
about  three  miles  of  Kipawa  lake.  The  other  creek  is  known  as 
Green  creek,  and  enters  from  the  west  side,  draining  some  small  lakes 
in  that  direction. 

Above  the  Opimika  narrows  the  lake  widens  almost  immediately, 
and  from  this  point  as  far  north  as  the  mouth  of  the  Montreal  river 
it  has  an  average  width  of  from  three-quarters  of  a  mile  to  a  mile). 
The  shores  are  very  bold,  often  exhibiting  nearly  vertical  precipices 
of  rock  for  many  miles  at  a  stretch.  Occasionally  small  portions 
of  the  shore-line  are  composed  of  sand  and  gravel,  but  high  trees  rise 
almost  immediately  behind.  McMartin  and  Ouellette  points  are 
small,  low,  projections  running  out  a  small  distance  into  the  lake 
and  are  composed  wholly  of  sand  and  gravel  except  in  the  case  of 
McMartin  point,  where  some  of  the  solid  rock  projects  through  this 
loose  material.  In  the  vicinity  of  McMartin  point  a  considerable 
•  amount  of  stiff  grey  clay  was  noticed,  and  a  bank  of /this  contains  a 
large  number  of  very  irregularly  shaped  calcareous  nodules,  but  no 
fossil  remains  were  found  in  them.  The  hills  on  either  side  of  the 
lake  are  from  800  to  500  feet  above  the  surface  of  the  water,  and  the 
highest,  known  as  the  King  of  the  Beavers,  rises  to  a  height,  of  about 
600  feet.  These  hills  evidently  form  the  edges  of  an  undulating 
plateau  which  extends  inland  on  both  sides,  and  in  which  the  valley 
of  the  lake  has  been  excavated.  Buffalo  rock  is  another  well  known 
topographical  feature,  consisting  of  a  rocky  precipice  on  the  west 
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shore  of  the  lake,  and  90  named  from  a  mass  of  vegetation  upon  it, 
which  has  a  fancied  resemblance  in  outline  to  a  buffalo. 

Six  tributaries  may  be  mentioned  which  flow  into  the  Ottawa 
between  the  Opimika  narrows  and  the  mouth  of  the  Matabitchouan 
river.  The  first  of  these  is  Opimika  creek  that  enters  a  beautiful 
sandy  bay  on  the  west  side,  known  as  McLaren  bay,  about  half  a  mile 
north  of  the  Narrows.  The  water  of  Opimika  creek  is  extremely 
clear  and  cold,  abounding  in  speckled  trout.  Although  its  actual 
source  is  in  a  small  lake  about  nine  miles  to  the  southwest  of  the 
Narrows  it  derives  most  of  its  water  from  two  lakes  some  four  miles 
to  the  southwest,  which  are  supplied  by  a  series  of  large  springs.  One 
of  these  lakes  is  called  Emerald  lake,  and  is  remarkable  for  contain- 
ing a  deposit  of  shell  marl  which  is  described  in  that  portion  of  the 
report  treating  of  economic  geology.  The  small  pond  at  the  head  of 
the  stream  is  580  feet,  by  barometer,  above  Lake  Timiskaming. 

About  three  miles  farther  on  Ottertail  creek  reaches  the  lake  from 
the  west.  This  stream  forms  a  portion  of  a  route  to  the  west.  The 
main  or  southern  branch  takes  its  rise  in  a  small  lake  some  twenty 
miles  to  the  southwest  in  the  township  of  Hammell,  within  a  mile  of 
Spruce  lake,  at  the  head  of  the  Tomiko  river.  About  a  mile  above 
McMartin  point  a  small  stream  enters  from  the  east,  draining  White 
Beaver  lake,  and  three  miles  south  of  the  mouth  of  the  Kipawa 
river  another  small  stream  enters  which  is  notable  as  being  the  old 
Indian  portage-route  to  Lake  Kipawa. 

The  next  stream  is  the  Kipawa  river,  forming  the  outlet  to  a  great 
number  of  large  lakes,  many  of  which  are  outside  the  boundaries  of 
the  present  map.  The  largest  of  these  lakes  is  of  course  Lake  Kip- 
awa, which  is  nearly  thirty-two  miles  in  a  straight  line  from  north 
to  south,  and,  with  its  intricate  shore  line  of  bays  covers  an  area  of 
120  square  miles.  The  Kipawa  river  is  nearly  nine  miles  in  length, 
with  a  total  fall  of  about  300  feet,  and  has  a  number  of  powerful 
rapids  and  chutes  in  its  circuitous  course.  At  the  mouth  is  a  very 
fine  chute.  The  Matabitchouan  and  Montreal  rivers,  which  enter 
the  lake  at  the  same  place,  are  elsewhere  separately  described. 

North  of  the  Montreal  river  Timiskaming  lake  gradually  widens. 
The  western  coast-line  continues  to  be  rather  even  and  unbroken  and 
is  also  as  a  rule  steep  and  rocky.    At  the  Crowsnest  rock,  opposite 
Bryson  island,  as  well  as  at  Manitou  rock  opposite  Mann  island, 
there  are  sheer  precipices  that  extend  for  several  miles,  vary- 
ing from  150  to  200  feet  in  height.   The  east  side  of  the  lake  shows 
more  irregularity  in  outline,  and  large  areas  of  level  land  exist,  from 
which,  however,  bold  hills  rise  in  places.    There  is  much  more  culti- 
vable land  in  the  aggregate  than  the  often  rocky  character  of  the 
lake-shore  would  indicate. 
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Below  the  Old  Fort  narrows  there  are  only  a  few  small  and  insig- 
nificant islands.  Roche  McLean,  so  named  after  an  old  North-west 
Company  fur-trader,  as  well  as  the  island  north  of  Pointe  a  la  Barbe, 
are  both  connected  at  low-water  with  the  western  mainland  by  nar- 
row bars  of  sand  and  gravel.  Moose  rock  is  a  huge  boulder  of 
breccia-conglomerate  about  thirty  feet  in  diameter,  situated  some 
four  miles  south  of  the  Narrows.  North  of  the  Narrows  there  are 
several  islands,  of  which  the  most  important  are  Bryson  island, 
Mann  island  and  Chief  island,  the  latter  being  a  well  known 
topographical  feature.  It  is  high  and  rocky,  and  at  low-water  is  con- 
nected at  its  eastern  end  with  the  mainland  by  a  bar  composed  of 
boulders  and  clay;  although,  .during  the  early  part  of  the  season, 
there  is  often  sufficient  water  to  permit  of  the  passage  of  the  steamer. 
To  the  northwest  of  the  island  a  similar  bar  exists,  which,  at  low- 
water,  prevents  the  steamer  proceeding  any  farther,  although  thd 
channel  inside  is  quite  deep.  The  presence  of  this  boulder  barrier  is 
probably  due  to  its  deposition,  in  part  at  least,  in  a  crack  or  rift  in 
the  glacier  that  evidently  occupied  the  valley  of  the  Blanche  river 
towards  the  close  of  the  glacial  period. 

The  northern  part  of  the  lake,  from  the  Old  Fort  narrows  to  the 
mouth  of  the  River  des  Quinze,  has  more  the  appearance  of  a  lake 
than  any  portion  farther  south.  The  deepest  water  is  to  the  west  of 
Mann  and  Bryson  islands,  and  is  the  route  usually  followed  by  the 
steamer.  At  ordinary  summer  level  it  is  impossible  for  a  steamer 
drawing  six  feet  of  water  to  pass  between  Bryson  island  and  the  Que- 
bec mainland,  and  the  lake  for  a  long  distance  outward,  opposite 
Wright's  mine,  is  comparatively  shallow.  Kelly,  or,  as  it  is  now  called, 
Priests  bay,  where  the  chief  settlement  of  the  district  is  situated, 
presents  a  long  stretch  of  gently  sloping  clay  flats,  extending  out  from 
the  shore  opposite  the  village  of  Baie  des  Peres,  and,  usually,  towards 
the  end  of  August  and  in  the  month  of  September  there  is  not  more 
than  five  feet  of  water  at  the  end  of  the  long  wharf,  so  that  for  a 
considerable  portion  of  the  season  the  steamers  are  compelled  to 
anchor  fully  half  a  mile  from  shore,  and  lighter  their  passengers 
and  cargo. 

The  north  shore  of  the  lake  is  divided  into  two  deep  bays  by  the 
high  rocky  promontory  terminating  at  Dawson  point.  The  high 
limestone  table-land  of  which  this  forms  a  part  is  over  two  miles 
in  width,  presenting  a  very  steep  escarpment  of  light  cream-coloured 
limestone  facing  eastward  and  running  in  a  N.  N.  W.  direction  be- 
yond the  borders  of  the  map.  Wabi  bay  is  a  little  over  two  miles 
wide  and  three  miles  in  depth,  receiving  at  its  head  the  waters  of 
Wabi  creek,  at  the  mouth  of  which  is  situated  the  promising  settle- 
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merit  of  Liskeard.  Wabi  creek  is  a  stream  of  considerable  import- 
ance, rising  beyond  the  north  boundary  of  the  map  and  draining  a 
large  area  of  arable  land  to  the  northwest,  most  of  which  has  recently 
been  laid  out  in  townships  and  subdivided  into  lots.  The  borders  of 
Wabi  bay  are  in  general  low,  with  a  marshy  fringe  along  its  north- 
west shore,  while  the  water  is  extremely  shallow  and  the  shore  difficult 
of  approach  except  by  means  of  the  very  crooked  and  narrow  channel 
which  the  stream  has  hollowed  out  on  the  hard  clay  bottom.  The 
northeastern  part  of  the  lake  is  divided  into  two  bays  known  as 
Sutton  and  Paulson  bays,  separated  from  one  another  by  the  low 
marshy  delta  marking  4he  mouth  of  the  Blanche  and  Quinze  rivers. 
The  greater  portion  of  Sutton  bay  is  a  low  sandy  flat  almost  com- 
pletely dry  at  low-water. 

When  the  lake  is  at  its  ordinary  summer  level  there  is  scarcely  a 
foot  of  water  covering  the  extensive  clay  flats  in  the  vicinity  of 
Chief  island  except  in  the  various  channels  which  the  steamers 
entering  in  this  vicinity  have  hollowed  out.  During  low-water, 
occuring  in  September  of  1887  and  1894,  the  greater  part  of  these 
clay  flats  was  exposed,  the  water  being  confined  to  these  comparatively 
narrow  channels.  Three  large  tributaries  enter  the  lake  in  this 
neighbourhood  and  a  fourth,  known  as  Apika  creek,  about  eight 
miles  in  length,  drains  the  western  portion  of  the  township  of  Oui- 
gues.  The  largest  of  these  streams  is  the  one  which  really  constitutes 
the  upward  extension  of  the  Ottawa  river,  now  known  as  the  Riviere 
des  Quinze  or  Quinze  river.  The  other  two,  in  the  order  of  their 
importance,  are  the  Blanche  river  and  the  Otter  river,  often  also 
called  Ottertail  river,  especially  on  the  maps  issued  by  the  Crown 
Lands  Department  of  Quebec.  Only  about  five  miles  of  the  lower 
portion  of  the  Blanche  river  is  shown  on  the  Lake  Timiskaming  map- 
sheet  The  source  of  the  stream  is  in  Round  lake,  situated  about 
forty-four  miles  from  its  mouth  in  a  northwesterly  direction,  but 
owing  to  curves  in  the  river  the  distance  is  nearly  sixty  miles. 
The  waters  of  the  Blanche  river  enter  the  lake  through  four  some- 
what intricate  channels,  between  three  low  marshy  islands  formed 
by  the  large  amount  of  loose  material  deposited  annually  by  this 
stream.  Two  of  these  islands,  known  as  Wright  and  Rousselet  islands, 
are  of  considerable  size.  The  deepest  channel  is  called  the  Chenal 
du  Diable,  and  is  navigable  for  small  steamers  at  high-water.  The 
next  channel  farther  south  is  known  as  the  Crow  channel  and  is 
fairly  deep,  but  the  other  two  channels,  which  are  more  in  line  with 
the  upward  course  of  the  stream,  are  almost  completely  choked  witli 
sand  and  other  detritus,  so  that  they  can  scarcely  be  navigated  by 
canoes  during  ordinary  stages  of  the  water. 
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About  five  miles  from  its  mouth  the  depth  of  the  river  varies  fro:n 
sixteen  to  twenty-four  feet,  and  the  width  from  320  to  400  feet,  du  I 
at  a  distance  of  twenty  miles  from  its  mouth  it  is  220  feet  wide  and 
eight  feet  deep.  Here  a  small  rapid  occurs,  with  a  fall  of  about  two 
feet,  but  above  this  is  a  quiet  stretch  of  water  for  nearly  six  miles 
farther.  It  will  thus  be  seen  that,  at  low-water,  the  river  is  navig- 
able for  a  distance  of  twenty-five  miles  for  steamers  drawing  under 
three  feet,  while  at  its  highest  stage  this  distance  is  incrensed  to  over 
thirty  miles.  The  Blanche  river  has  cut  its  channel  through  a  thick 
deposit  of  drift  material,  composed  chiefly  of  clay,  and  the  sections 
thus  furnished  are  probably  the  best  in  the  whole  district.  The  valley 
consists  of  a  series  of  four  or  five  rather  extensive  flats  or  terraces, 
rising,  one  above  the  other,  to  the  northwest  of  the  lake,  and 
evidently  forming  the  continuation  northward  of  the  depression 
occupied  by  Lake  Timiskaming.  Near  its  mouth  the  banks  of  the 
river  are  quite  low  and  subject  to  yiundation,  with  large  areas  of 
tamarack  and  spruce  swamp.  As  the  stream  is  ascended,  however,  the 
banks  gradually  increase  in  height,  and  thirty  miles  inland  they  are 
more  than  one  hundred  feet  above  the  level  of  the  stream.  Twenty-five 
miles  from  the  lake  the  banks  are  eighty  or  ninety  feet  high,  and  fur- 
nish a  good  section,  which  is  as  follows  in  descending  order: — First, 
two  or  three  inches  of  vegetable  mould,  then  about  a  foot  of  reddish- 
brown  sand  merging  into  a  grey  clay,  and  below  this,  again,  a  bluish 
clay,  which  extends  to  the  base  of  the  cliff,  forming  the  bed  of  the 
stream.  Bluish  clay  is  exposed,  according  to  McOuat,*  in  the  bed 
of  the  river  all  the  way  to  Round  lake,  but  about  half-way  up  is  over- 
lain by  a  rather  coarse,  brown  sand,  which,  in  its  turn,  farther  up,  is 
again  overlaid  by  clay.  Six  or  eight  miles  below  Bound  lake,  where 
the  cliffs  are  upwards  of  a  hundred  feet  high,  the  middle  portion  con- 
sists of  sand,  while  at  the  base  and  summit  nothing  is  seen  but  clay. 

The  Otter  river  drains  by  far  the  larger  portion  of  the  area  to  the 
southeast  of  this  part  of  Lake  Timiskaming.  The  main  stream  rises 
about  six  miles  southeast  of  Lac  aux  Feves,  where  it  occupies  the 
same  depression  as  Chemagan  and  Hay  bays  of  Lake  Kipawa.  Its 
channel  is  very  tortuous,  and  in  its  lower  portion  has  an  average 
width  of  about  100  feet,. with  a  depth  cf  ten  feet,  while  its  rate  tof 
discharge  was  measured  by  Mr.  Guerin  as  229  cubic  feet  per  second, 
or  less  than  one  half  that  of  the  Blanche,  and  its  velocity  twenty-six 
feet  per  second.  It  is  navigable  by  canoes  without  interruption  for 
a  distance  of  about  ten  miles  from  the  mouth,  and  is  frequently  used 
by  the  settlers  in  going  to  and  returning  from  North  Timiskaming. 


•Report  of  Progress,  Geol.  Surv.  Can.,  1872-73,  p.  134. 
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About  six  miles  from  the  mouth  the  Cameron  branch  enters,  and, 
with  a  general  course  of  nearly  east-and-west,  has  its  headwaters  in 
a  small  lake  only  a  mile  west  of  Lac  des  Quinze.  This  tributary  also 
serves  to  empty  two  considerable  lakes,  known  as  Long  and  Sassa- 
ganaga,  the  former  about  three  miles  in  length,  but  with  an  average 
breadth  of  scarcely  a  quarter  of  a  mile,  while  the  latter  is  two  and  a 
half  miles  long,  with  a  somewhat  uneven  shore-line  and  containing 
several  islands,  and  has  an  approximate  breadth  of  a  little  over  half  a 
mile.  The  south  branch,  or  Duford  river,  drains  the  larger  portion 
of  the  township  of  Duhamel,  rising  in  a  small  marshy  lake  about 
the  centre  of  the  township.  This  stream  is  rather  crooked,  even  in. 
its  larger  bends,  while  it  meanders  in  a  very  tortuous  manner  through 
clay  flats. 

Geological  Description. 

The  village  of  Mattawa  is  built  upon  a  bouldery  terrace  of  morainio 
origin,  which,  subsequent  to  its  deposition,  has  been  modified  lo  a 
considerable  extent  by  the  scouring  action  of  water.  This  boulder- 
covered  field  or  plateau  has  a  somewhat  uneven  contour,  but  in 
general  it  may  be  said  to  rise  from  thirty  to  seventy  feet  above  the 
river.  It  is  only  one  of  many  similar  occurrences  to  be  found  in  the 
neighbourhood  of  the  Ottawa  river,  all  of  which  seem  to  owe  their 
accumulation  primarily  to  deposition  from  a  melting  detrit-— ladeni 
glacier.  This  bouldery  terrace  begins  nearly  a  n  ile  up  the  Mattawa 
river  and  extends  a  little  over  half  a  mile  down  the  southern  bank  of 
the  Ottawa.  In  the  angles  formed  by  the  junction  of  the  two  streams 
it  ha<3  its  maximum  development,  producing  a  tar  consisting  almost 
wholly  of  boulders  and  coarse  gravtl,  which  stretches  n  arly  across 
the  river,  leaving  a  deep  though  narrow  channel  near  the  Quebec 
shore.  The  boulders  about  Mattawa  vary  in  size  from  a  few  inches 
to  as  many  feet  in  diameter,  while  many  of  them  measure  from  ten  to 
fifteen  feet  across.  By  far  the  larger  number  of  these  erratics  consist 
of  very  evenly  folioted  gneiss,  and  have  not  been  carried  far  from 
their  original  positions.  Some  are  red  and  grey  granite,  while  a  few 
are  of  greenish  gabbro  or  diabase.  Recent  cuttings  show  that  the 
bouldery  lay^r  overlies  silts  and  other  fine  deposits.  A  well  defined 
old  river-channel  occurs,  running  through  the  rear  portion  of  the 
village  between  the  main  street  and  the  railway  station,  which  has 
evidently  been  followed  by  the  Mattawa  or  its  antecedent  stream.  It 
leaves  the  Mattawa  about  a  mile  above  the  mouth,  and  reaches  the 
Ottawa  at  the  foot  of  the  rapid,  nearly  three-quarters  of  a  mile  below. 

On  the  north  side  of  the  river  a  steeply  scarped  though  somewhat 
narrow  terrace  rises  to  a  height  of  nearly  eighty  feet  above  the  level 
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of  the  river.  Near  the  junction  with  the  Ottawa  this  terrace  is  com- 
posed of  well-rounded  fragments  or  small  boulders  with  coarse  gravel 
and  sand,  this  material  being  in  a  much  finer  state  of  division  than 
that  on  the  south  side. 

Opposite  the  village  of  Mattawa,  on  the  north  side  of  the  Ottawa, 
is  "Mattawa  mountain/'  about  600  feet  high.  It  is  composed  of  a 
greyish  granite-gneiss,  consisting  of  the  usual  alternation  of  lighter 
and  darker  bands,  causing  a  distinctly  marked  foliation.  The  strike 
of  this  foliation  corresponds  closely  with  the  trend  of  the  hill,  being 
nearly  east-and-west,  while  the  dip  is  about  20°  to  the  soutfT.  In 
places  it  contains  an  abundance  of  rather  small  garnets,  especially 
numerous  in  the  darker  or  more  basic  portions  of  the  rock. 

At  many  points  this  gneiss  is  cut  by  dikes  of  pegmatite,  varying 
irregularly  in  breadth  from  a  few  inches  to  several  feet.  These 
pegmatites  are  composed  usually  of  a  flesh-coloured  orthoclase  or 
microcline  and  quartz.  Occasionally  a  white  plagioclase,  probably 
oligoclase,  was  noticed  in  the  same  dike  with  the  orthoclase,  while  the 
ferro-magnesian  constituent  is  sparingly  represented,  if  at  all,  and  is 
usually  biotite.  The  quartz  is  as  a  rule  segregated  in  the  centre  of 
each  dike,  leaving  an  almost  pure  feldspathic  margin  of  varying 
thickness.  Many  of  these  dikes  cut  the  foliation  at  considerable 
angles,  running  from  S.  40°  W.  to  S.  55°  W.,  while  others,  especially 
the  smaller  ones,  conform  very  closely  to  the  foliation. 

It  is  quite  apparent,  from  the  many  conflicting  local  dips  and 
strikes  observed  in  the  area  to  the  south  of  the  Ottawa  river,  and  ex- 
tending for  a  few  miles  east  of  Mattawa,  that  the  gneissic  rocks  ris* 
into  a  series  of  small  domes,  each  presenting  quaquaversal  dips; 
while,  on  the  other  hand,  the  complete  examination  of  this  small  area 
ha  3  also  shown  that  the  grander  structural  features  of  these  rocks 
exhibit  a  rather  constant  dip  at  low  angles,  varying  in  direction  from 
south  to  S.  10°  W.  These  gneissic  rocks  are  well  foliated  and  of  a 
dark-grey  colour,  where  the  bisilicate  material  is  present  in  relatively 
greater  quantity,  while  a  prevailing  reddish  tinge  is  usual  where 
feldspar  present  increases.  Some  bands  exhibit  the  "  augen  "  struc- 
ture in  great  perfection. 

About  a  mile  east  of  Mattawa  the  main  line  of  the  Canadian 
Pacific  railway  has  cut  through  the  axis  of  one  of  the  most  perfect  of 
these  dome-shaped  bulges.  The  gneiss  occurs  in  alternating  light  and 
dark  coloured  bands  which  exhibit  very  sharp  lines  of  demarcation 
one  from  the  other.  The  main  axis  of  this  dome  runs  in  a  direction 
S.  80°  E.,  the  dips  on  the  north  side  of  the  railway  track  thus  turning 
from  N.  80°  W.  all  around  to  S.  80°  E. ;  while  on  the  south  side  of 
the  track  dips  exactly  the  opposite  of  these  may  be  noticed. 
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The  gneisses  contain  a  large  percentage  of  pyrite,  and  all  the  joints 
and  fissures  are  plentifully  coated  with  brown  hydrous  oxide  of  iron 
due  to  the  decomposition  of  this  mineral.  The  rocks  crumble  and  fall 
to  pieces  when  exposed  to  the  action  of  the  atmosphere  for  any  length 
ox  time,  giving  rise  to  a  coarse  brownish  sand  that  constitutes  much 
of  the  soil  of  the  region  surrounding  Mat  taw  a. 

About  a  mile  and  a  quarter  east  of  Mattawa  the  gneiss  has  a  dark 
reddish-grey  colour,  the  reddish  tinge  being  due  to  the  presence  of 
feldspar,  which  is  in  reality  much  more  abundant  in  certain  bands 
than  in  others.  On  the  surface  the  gneiss  presents  a  smooth  hard 
crust  that  is  evidently  merely  the  result  of  weathering,  while  beneath 
this  thin  coating  the  rock  has  undergone  somewhat  advanced  decom- 
position, being  yellowish  in  colour  and  comparatively  soft  and  friable. 
This  outer  induration  is  very  frequently  characteristic  of  the  exposed 
surfaces  of  both  gneisses  and  the  Huronian  sandstone  and  grey- 
wackes,  and,  as  has  been  shown  by  Irving  and  Van  Hise,  is  caused 
by  the  secondary  enlargement  of  the  quartz  and  feldspar  individuals, 
the  interstitial  material  constituting  interlocking  areas  which  are 
optically  continuous  with  the  original  grains. 

To  the  west  of  Mattawa  the  railway  follows  up  the  valley  of  a 
creek  that  empties  into  two  small  lakes,  the  larger  of  which  is  known 
as  Earls  lake.  The  shores  of  both  these  lakes  are  low  and  grassy, 
with  only  one  rock  exposure  at  the  western  end  of  Earls  lake.  Be- 
tween Mattawa  and  Calvin  stations  the  rock  is  usually  well  foliated 
granite-gneiss,  although  in  one  or  two  places  it  is  very  massive,  and 
the  foliation  is  either  absent  or  quite  indistinct.  Some  of  the  bands 
differ  in  colour  from  dark-grey  to  almost  black  where  the  biotite  is 
exceptionally  abundant;  others  are  light-grey,  while  still  others  are  of 
shades  of  flesh-red  or  pink  where  the  feldspar  is  plentiful  and  is  of 
that  colour.  The  component  bands  are  frequently  so  irregular  in 
their  development  and  in  places  so  contorted,  while  the  region  as  a 
whole  has  undergone  such  uneven  truncation,  that  it  is  often  exceed- 
ingly difficult  to  pronounce  with  any  degree  of  certainty  as  to  the 
direction  of  either  the  dip  or  the  strike.  In  general,  though,  these 
rocks  gradually  bend  round  from  S.  45°  W.  a  little  west  of  Mattawa, 
to  S.  80°  W.  in  the  vicinity  of  Calvin,  with  a  common  dip  at  a  high 
angle  to  the  south.  One  of  the  pegmatite  dikes  noticed  about  two 
miles  west  of  Mattawa  is  composed  of  a  very  large  quantity  of  flesh- 
red  feldspar  in  coarse  cleavable  masses,  some  quartz  and  a  consider- 
able amount  of  dark-coloured  mica  in  large  crystals  and  plates, 
doubtless  a  partially  bleached  biotite.  a!1  of  the  rocks  are  well  round- 
ed and  glaciated,  and  although  the  striae  are  not  very  plainly  marked 
4330-12 
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some  indistinct  ones  have  a  southwest  direction,  and  are  thus  refer- 
able to  the  period  of  general  glaciation. 

In  the  angle  formed  by  the  junction  of  the  Mattawa  and  Ottawa 
rivers,  and  to  the  north  and  east  of  these  streams,  the  foliation  of  the 
gneiss  shows  a  curious  fan-like  arrangement,  the  convergent  lines 
pointing  towards  the  Ottawa,  where  the  gneiss  shows  a  rapid  change 
in  strike  from  nearly  east  and  west  at  the  southern  end  of  the  rock 
exposure  to  N.  25°  W.  at  the  northern  end.  This  structure  is,  how- 
ever, only  a  local  feature,  and  is  confined  to  a  small  area.  To  the 
west  this  fan-like  formation  broadens,  the  bands  near  the  southern 
end  curving  round  rather  sharply  to  the  southwest  to  meet  those  ex- 
posed on  the  shores  of  Boom  lake  and  in  the  vicinity  of  the  Plein 
Chant  rapids  on  the  Mattawa,  where  the  gneiss  strikes  from  S.  30° 
W.  to  S.  60°  W.  with  a  southeasterly  dip  <  40°  to  45°.  To  the  north, 
as  the  Ottawa  river  is  ascended,  on  the  west  shore  the  strike  of  the 
gneiss  changes  first  to  the  west  and  then  to  N.  75°  W.,  which  latter 
seems  to  be  the  general  direction  of  the  foliation  in  the  vicinity  of 
the  Cave  rapids.  At  the  bluff  on  the  east  shore  the  rock  is  composed 
of  alternating  bands  of  light  and  dark-grey  micaceous  gneiss,  evidently 
of  the  ordinary  granitite  vantty,  and  shows  a  strike  of  N.  55°  E.  and 
a  dip  to  the  south  <  10°  to  15°.  About  this  again  the  foliation  exhibits 
a  change  in  direction,  and  about  three-quarters  of  a  mile  below  the 
Cave  rapids  a  strike  of  S.  75°  E.  was  noted,  with  a  dip  southward 
<  20°.  A  little  above  the  rapids  the  evenly  foliated  grey  gneiss 
trends  in  a  northeasterly  direction,  dipping  to  the  southeast  <  30°. 
Between  the  Cave  and  Les  Erables  rapids  the  granitite-gneiss,  which 
in  the  more  basic  bands  seems  to  contain  some  hornblende  in  addition 
to  the  biotite,  varies  in  strike  from  S.  70°  W.  to  N.  70°  W.,  with  a 
southerly  inclination. 

Les  Erables  rapids  are  caused  by  the  outcrop  of  ledges  and  islets  of 
gneiss,  which  obstruct  an  already  much  contracted  channel.  The  strike 
is  N.  70°  W.,  while  the  dip  is  northwards  at  an  angle  usually  con- 
siderably less  than  10°.  A  little  above  these  rapids  the  foliation  has 
an  almost  east-and-west  direction,  while  near  the  mouth  of  Snake 
creek  the  strike  is  N.  80°  E.,  and  the  dip  S.  <  70°.  From  the  head 
of  Les  Erables  rapids  to  about  half  a  mile  beyond  the  mouth  of 
Snake  creek  the  exposures,  which  were  very  closely  examined,  show 
a  gneiss  composed  of  alternating  bands  of  light  and  dark-grey  colour. 
The  bisilicate  present,  which  from  its  preponderance  gives  the  dark 
colour  to  certain  bands,  is  biotite,  and  the  rock  is  thus  a  granitite- 
gneiss  composed  essentially  of  feldspar  (chiefly  orthoclase),  quartz 
and  biotite.  Besides  these  constituents  there  are  others  which  in 
places  are  so  abundant  as  to  characterize  the  rock.    The  principal 
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and  most  interesting  of  these  is  cyanite,  although  individuals  of  an 
almandine-garnet  are  usually  numerous,  especially  in  the  more  basic 
portions;  while  graphite  was  noticed  finely,  though  rather  thickly, 
distributed  through  the  rock.  Oyanite  of  a  prevailing  blue  colour 
i3  frequently  so  plentiful  as  to  characterize  large  exposures  of  this 
gneiss.  It  occurs  in  rectangular  or  flattened  prisms,  which  are  very 
long  and  blade-like  in  their  habit,  presenting  round,  jagged,  or 
irregular  terminations. 

About  a  mile  below  The  Mountain  rapid  the  high  hills  on  the  east 
shore  are  formed  of  alternating  bands  of  light  and  dark-grey  garnet- 
iferous  granitite-gneiss,  striking  S.  55°  W.,  and  dipping  south- 
easterly <  45°  to  60°. 

At  the  foot  of  the  Mountain  rapid  the  gneiss  is  more  massive  in 
structure,  although  still  preserving  a  distinct  foliation  that  runs 
nearly  east  and  west,  while  the  dip  is  to  the  south  <  35°  to  40°.  In 
places  it  is  filled  with  small  crystalline  or  irregular  fragments  of  gar- 
net, while  the  rock  in  general  has  a  distinct  reddish  colour.  The 
Mountain  rapid  runs  for  the  most  part  in  a  strike  of  the  rock,  which 
is  a  dark-grey,  well  foliated  gneiss.  The  ridges  and  islets  are  com- 
posed of  this  gneiss,  presenting  a  strike  varying  from  S.  50*  E.  to 
S.  55°  E.,  with  a  dip  to  the  northeast  <  20°  to  30°. 

About  a  mile  above  the  Mountain  rapid,  on  the  west  side,  the 
dark-grey,  micaceous  or  granitite-gneiss  strikes  S.  70°  W.,  with  a  dip 
to  the  south.  About  one  and  a  half  miles  above  this  point  a  grey 
gneiss  was  noted  with  a  decided  foliation,  exhibiting  a  series  of 
beautiful  curvings  and  twistings,  while  the  general  strike  is  N.  60° 
*-••>  with  a  dip  to  the  southeast  <  65°  to  70°.  About  four  miles  above 
the  Mountain  rapid  a  massive,  fine-grained,  red  gneiss  was  noticed, 
associated  with  some  more  evenly  foliated,  grey  gneiss;  the  whole 
dipping  south  <  40°  to  80°.  In  the  vicinity  of  the  narrows  of  Seven 
League  lake,  and  for  some  distance  beyond,  the  gneiss  is  in  many 
places  much  contorted,  and  usually  of  a  dark-grey  colour,  owing  to  the 
prevalence  of  the  ore  basic  bands.  In  many  places  the  rock  runs  in 
long  curves,  presenting  a  gentle  undulating  dip,  which  often  ap- 
proaches horizontally,  while  at  other  points  not  far  removed  the 
bands  are  almost  on  edge.  Beyond  the  narrows  on  Seven  League 
lake  the  gneiss,  which  has  a  grey  colour  and  is  well  foliated,  strikes 
about  S.  65°  E.,  with  a  southerly  dip  at  a  low  angle,  generally  from 
20°  to  30°.  Opposite  La  Tuque,  on  the  east  shore  and  below  the 
mouth  of  Obashing  creek,  the  lighter  coloured  bands,  which  are 
reddish,  alternate  with  those  of  a  dark-grey.    These  constitute  a 

panitite-gneiss,  which  generally  dips  S.  25°  W.,  <  10°  to  20°,  al- 
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though  in  some  places  it  seems  perfectly  horizontal,  and  in  others  it 
is  much  contorted. 

At  the  foot  of  the  Long  Sault  the  reddish  granitite-gneiss  dips  S. 
20°  W.,  <  25°.  In  many  places  along  the  shores  of  the  northern  part 
of  Seven  League  lake  the  darker  and  more  basic  bands  of  gneiss  con- 
tain epidote  in  very  considerable  quantities,  indeed  sometimes  so 
abundant  is  this  mineral  as  to  give  a  yellowish  tint  to  the  band  in 
which  it  is  contained. 

The  country  between  the  Long  Sault  rapids  and  Lake  Kipawa  is 
composed  of  high,  rocky  ridges  of  flesh-red  and  dark-grey  gneiss,  the 
former  prevailing,  while  the  alternation  of  both  produces  a  marked 
foliation  in  the  whole  mass.  The  darker  bands  are.  made  up  mostly 
of  the  coloured  constituents,  while  the  lighter  ones  show  a  relatively 
greater  quantity  of  quartz  and  feldspar.  The  general  strike  varies 
from  S.  60°  E.  to  S  60°  E.,  while  the  dip  is  under  30°.  A  thin  section 
of  what  was  regarded  as  a  typical  specimen  of  this  gneiss  showed  it 
to  be  a  quartz-mica-diorite-gneiss,  although  it  is  probable  that  other 
and  more  acidic  portions  would  show  the  ordinary  granitite-gneiss,  as 
well  as  the  hornblende-granitite-gneiss,  to  be  present.  The  rock,  as 
examined  under  the  microscope,  showed  the  chief  mineral  constituents 
to  be  plagioclase,  quartz,  some  unstriated  feldspar  (probably  ortho- 
clase)  and  a  little  microline,  hornblende,  biotite  and  epidote,  with 
smaller  quantities  of  titanite,  pyrite,  zircon,  allanite,  apatite  and 
hematite. 

On  the  Big  Obashing  lake  the  gneiss  is  usually  well  foliated,  often 
of  a  light-grey  colour,  although  some  portions  present  reddish- 
coloured  bands  where  the  feldspar  contains  much  iron  oxide,  and  the 
general  strike  in  the  vicinity  of  the  narrows  varies  from  S.  66°  E.  to 
S.  75°  E.  with  a  dip  to  the  south  <  15°  to  30°.  At  the  east  end  of 
the  little  island,  in  the  bay  out  of  which  the  road  goes  south  to  the 
small  lake  at  the  headwaters  of  Snake  creek,  the  gneiss  is  composed 
of  alternating  reddish  and  dark-grey  bands,  in  places  somewhat  con- 
torted, and  shows  a  general  strike  of  S.  85°  E.  with  a  dip  to  the  south 
<  70°  to  80°.  Near  the  east  end  of  Obashing  lake  the  dark-grey 
well  foliated  gneiss  strikes  S.  84°  E.,  and  is  either  quite  vertical  or 
dips  at  a  very  high  angle  to  the  south. 

Near  the  outlet  of  Little  Obashing  lake  the  gneiss,  which  is  dis- 
tinctly foliated  and  has  a  reddish  colour,  strikes  east  and  west,  dip- 
ping south  at  an  angle  of  about  85°.  The  smaller  lakes  to  the  south- 
west of  Little  Obashing  lake  generally  present  high  shores  which 
are  well  wooded  and  green  to  the  water's  edge,  so  that  there  are  only 
limited  opportunities  afforded  for  ascertaining  the  trend  of  the 
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bordering  gneiss.  On  a  small  island  in  Thompson  (or  McConnell  lake), 
however,  grey  gneiss  was  noticed  dipping  S.  20°  W.  at  a  low  angle. 

Near  the  head  of  the  Long  Sault,  on  the  west  shore  of  the  Ottawa, 
the  gneiss  is  composed  of  alternating  light  and  dark  bands.  Many  of 
the  lighter  bands  have  a  flesh-red  colour  where  the  feldspar  is  abun- 
dant, while  others  are  greyish  or  nearly  white.   The  dip  is  S.  30°  W. 

<  20°. 

There  are  comparatively  few  exposures  of  rock  between  the  head  of 
the  Long  Sault  and  the  Opimika  narrows,  and  the  strike  at  some  of 
these  is  hard  to  ascertain  with  any  degree  of  certainty.  The  general 
strike  seems,  however,  to  be  S.  55°  E.,  which  is  apparently  maintained 
as  far  as  Schooner  or  Ship  island.  On  the  east  shore,  opposite  this 
island,  the  gneiss,  which  is  exceedingly  well  foliated  in  alternating 
bands  of  light-grey,  flesh-red  and  dark-grey  colours,  dips  S.  10°  W., 

<  30a. 

To  the  south  of  the  Opimika  narrows,  on  the  west  side,  and  nearly 
opposite  Lumsden  depot  (Opimicong  P.  O.)  is  a  grey,  rather  fine- 
grained, evenly  foliated  micaceous  rock,  showing  lenticular  areas  of 
quartz  and  feldspar  which  are  comparatively  free  from  coloured  con- 
stituents. The  microscope  shows  the  rock  to  be  a  hornblende-gran  i- 
tite-gneiss  composed  chiefly  of  quartz,  orthoclase,  plagioclase,  micro- 
cline,  biotite  and  hornblende,  with  smaller  quantities  of  ilmenite 
associated  with  leucozene,  sphene,  apatite,  calcite,  zircon  and  epidote. 
The  dip  of  this  gneiss  is  S.W.  <  45*. 

This  exposure  marks  the  southern  end  of  a  great  curve  in  the 
gneissic  rocks,  the  Opimika  narrows  conforming  closely  with  the 
strike  of  the  rocks  in  their  bend.  At  the  southern  end  the  strike  is 
northwest;  about  half-way  through  it  has  changed  to  S.  75°  W.;  at 
the  north  end  of  the  Narrows  the  strike  is  N.  15°  W.,  while  still 
farther  north  on  the  same  side  it  bends  around  to  N.  30°  W.,  and 
near  the  mouth  of  Ottertail  creek  the  rock  strikes  N.  85°  E. 

The  gneiss,  in  this  interval,  is  of  the  usual  grey  micaceous  variety 
occurring  in  alternating  light  and  dark  bands,  while  the  dip  is  to  the 
west  or  northwest  at  high  angles,  usually  about  65°.  A  thin  section, 
cut  from  a  specimen  obtained  at  the  exposure  immediately  below  the 
mouth  of  Opimika  creek,  showed  the  rock  to  be  a  granitite-gneiss, 
composed  chiefly  of  quarts,  orthoclase,  plagioclase  and  microcline, 
with  biotite,  epidote  and  sphene  as  its  principal  coloured  constituents. 

In  the  region  to  the  southwest  of  the  Opimika  narrows  the 
country  is  well  wooded,  and  the  few  rocky  outcrops  encountered  have 
a  general  southwesterly  strike.  Near  the  small  bridge  on  the  old 
McLaren  lumber  road,  crossing  Opimika  creek  less  than  a  mile  from 
the  lake-shore,  the  gneissic  rocks  are  very  evenly  and  distinctly 
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foliated,  showing  interlaminations  of  reddish  light-grey  and  dark-grey 
material,  the  whole  having  a  strike  of  nearly  north  and  south  and 
dipping  west  <  20°.  Two  miles  southwest  of  the  lake  other  small  out- 
crops of  a  light-grey  granitite-gneiss  occur,  dipping  S.  50°  W.  <  35°. 
Near  the  end  of  McLaren  road  the  rock  is  concealed  for  the  most 
part  hy  sand,  hut  here  and  there  hummocks  of  gneiss  occur.  One  of 
these,  situated  about  three-quarters  of  a  mile  from  the  end  of  the 
road,  is  composed  of  grey  well  foliated  gneiss  dipping  S.  80°  W.  < 
20°. 

To  the  northwest  of  the  Opimika  narrows  are  situated  Long  and 
White  lakes,  which  empty  into  Lake  Timiskaming  a  short  distance 
northwest  of  Lumsden  depot.  These  lakes  are  noteworthy  as  afford- 
ing an  opportunity  of  tracing  in  some  detail  the  general  outline  of  an 
immense  curve  in  the  strike,  that,  Btarting  at  the  south  end  of  the 
Opimika  narrows  with  a  direction  N.  40°  W.,  circles  around  to  S. 
65°  E.  at  the  Beauvais  narrows  on  Lake  Kipawa.  On  Long  lake 
the  gneiss  is  composed  of  successive  bands  of  reddish-grey,  grey  and 
flesh-red  colours,  which  vary  in  strike  from  N.  20°  W.  to  N.  7°  W., 
while  the  attitude  of  the  layers  changes  from  nearly  horizontal  in  the 
southwestern  part  of  the  lake  to  an  inclination  to  the  west  of  35° 
in  the  northeastern  part.  On  White  lake  the  rocks  curve  around 
gradually  to  N.  53°  E.,  and  on  the  north  shore  the  gneiss  has  a  strike 
of  only  a  few  degrees  south  of  west  These  rocks  are  light-red,  red- 
dish-grey, light-grey  to  dark-grey  gneisses,  the  layers  running  in  low, 
broad  undulations  with  a  prevailing  southerly  dip  at  angles  varying 
from  5°  to  10°. 

On  the  north  side  of  White  lake  there  is  a  reddish  contorted  gneiss 
very  plainly  foliated,  a  ferromagnesian  constituent  being  present  in 
long  slender  dark-greenish  bands,  while  in  the  wider  and  more  feld- 
spathic  portions  such  coloured  constituents  are  almost  entirely  absent. 

To  the  northeast  of  McMartin  point,  on  the  portage  going  to  White 
Beaver  lake,  the  gneiss  is  exceedingly  well  foliated,  running  in  long 
generally  straight  and  somewhat  continuous  bands  of  alternating 
light  and  dark-grey  colour,  and  varying  in  strike  from  N.  40°  S.  to 
N.  50°  E.,  with  a  prevailing  northwesterly  dip  at  high  angles  gener- 
ally about  75°.  Exposures  on  the  south  shore  of  White  Beaver  lake 
exhibit  a  light  reddish-grey  gneiss  in  successive  bands  of  lighter  and 
darker  colours,  the  whole  showing  a  changeable  strike  from  N.  60° 
E.  to  N.  68°  E.,  while  the  folia  are  nearly  if  not  quite  vertical. 

Between  McMartin  point  and  Latour's  mills  the  east  shore  of  Lake 
Timiskaming  is  very  high  and  precipitous  and  for  considerable 
stretches  presents  perpendicular  rocky  cliffs.  For  two  miles  above 
McMartin  point  the  gneiss  is  comparatively  massive  and  chiefly  of 
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the  red  variety,  although  grey  bands  may  be  noticed  marking  the 
foliation.  The  rock  has,  in  general,  a  dip  N.  65°  W.  <  85°  to  80°. 
The  combined  action  of  the  weather  and  the  waves  of  the  lake  have 
served  in  many  places  to  remove  an  appreciable  portion  of  the  softer 
and  more  micaceous  bands,  leaving  the  red  feldspathic  parts  standing 
out  in  rather  prominent  relief,  smoothed  and  planed  as  a  result  of 
glacial  action.  The  surface  now  exposed  exhibits,  in  great  perfection, 
even  the  smallest  bendings  and  foldings  which  these  rocks  have 
undergone.  In  the  last  half  mile  of  the  distance  already  mentioned 
the  gneissic  rocks  seem  to  strike  approximately  with  the  trend  of  the 
shore-line,  exhibiting  beautiful  examples  of  contortion,  while  in  other 
places  the  rock  lies  in  a  series  of  low  undulating  folds.  Above  this, 
for  a  little  over  four  miles,  and  extending  a  short  distance  beyond 
Latour*s  mills,  are  almost  continuous  exposures  of  micaceous  or 
granitite-gneisa,  which  is  so  evenly  laminated  that  slabs  could  readily 
be  obtained  of  almost  any  dimensions  for  flagstones.  The  strike  is 
very  regular,  generally  about  N.  15°  E.,  and  the  dip  easterly  <  50° 
to  80°.  The  alternating  bands  composing  the  gneiss  are  usually 
reddish,  greyish  and  dark-grey  in  colour. 

On  the  western  shore,  for  a  short  distance  both  above  and  below 
McMartin  point,  the  rocks  are  somewhat  similar  in  character,  the 
strike  varying  from  S.  35°  W.  to  S.  90°  W.,  while  the  inclination, 
which  is  towards  the  northwest,  changes  from  an  angle  of  65°  to  35°. 

About  a  mile  above  McMartin  point,  on  the  west  shore,  the  gneiss 
is  much  contorted,  and  in  one  place  presents  a  low,  dome-shaped 
anticlinal  arch,  the  banding  of  the  gneiss  dipping  either  to  the  north- 
west or  southwest  at  low  angles.  Nearly  two  miles  above  McMartin 
point,  or  ten  miles  south  of  the  mouth  of  the  Kipawa.  the  gneiss  is 
made  up  of  alternate  layers  in  which  a  relatively  greater  amount  of 
feldspar  and  quarts  or  biotite  and  hornblende  are  respectively  present 
The  darker  bands  have  yielded  somewhat  extensively  and  unevenly 
to  atmospheric  decay,  the  feldspathic  layers  standing  out  in  rib- 
like forms.  The  strike  is  chiefly  to  the  southeast,  while  the  bands 
bave  either  an  almost  vertical  attitude  or  dip  at  high  angle,  never 
less  than  70°,  in  a  southeasterly  direction.  Microscopical  examination 
of  a  specimen  representing  the  more  basic  portion  of  the  rock  shows 
it  to  be  a  quartz-mi ca-diorite- gneiss,  composed  essentially  of  plag- 
ioclase,  orthoclase,  quartz,  hornblende,  biotite  and  epidote,  with 
sphene,  apatite  and  zircon  as  accessory  constituents. 

Opposite  Latour*8  mills,  and  for  a  short  distance  both  north  and 
south,  the  gneiss  is  well  laminated,  exhibiting  precisely  similar 
features  to  that  on  the  opposite  side  of  the  lake.  The  feldspathic 
bands,  which  are  usually  flesh-red,  are  rather  fine-grained  and  con- 
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tain  little  quartz  or  mica,  while  the  darker  bands  show  a  superabun- 
dance of  biotite  and  other  coloured  constituents. 

In  several  places,  associated  with  this  gneiss  and  evidently  caught 
up  in  it,  are  irregular  masses  of  a  dark-green,  almost  uralitic  diabase, 
with  somewhat  large  and  glistening  scales  of  dark-brown  mica.  The 
surface  of  this  rock  weathers  very  unevenly,  presenting  a  very  rough 
and  pitted  character.  This  roughness  is  increased  by  a  series  of  intri- 
cate, reticulating  dikes  of  a  fine-grained  aplite  or  granite  that  stand 
out  in  strong  relief.  Under  the  microscope  the  rock  is  seen  to  be  an 
altered  diabase,  the  hornblende  showing  undoubted  evidence  of  having 
been  derived  from  pyroxene,  while  traces  of  a  rude  ophitic  structure 
can  still  be  detected.  The  other  minerals  present  are  biotite,  plagio- 
clase,  garnet  and  iron  ore* 

Between  Latour's  mills  and  the  western  end  of  the  old  Indian  port- 
age-route to  Lake  Kipawa  the  gneiss  is  not  so  regular  as  that 
farther  south,  and  in  some  places  runs  parallel  with  the  shore-line, 
while  at  others  it  forms  considerable  angles  with  this  direction,  mak- 
ing at  least  one  great  bend,  which  is  shown  on  the  accompanying  map. 

The  rocks  are  either  vertical  or  dip  at  high  angles  to  the  east  and 
southeast.  A  little  south  of  the  Indian  portage  there  are  some  dark- 
green,  almost  black,  glistening  bands  of  amphibolite,  which  occur  for 
the  most  part  intcrfoliated  with  the  prevailing  gneiss.  These  present 
many  of  the  characteristics  of  parallel  or  interfoliated  dikes,  and 
some  portions  of  them  cut  across  the  foliation,  but  their  true  rela- 
tions were  not  studied  in  detail,  so  that  it  cannot  be  stated  with 
certainty  whether  they  are  of  later  origin  than  the  gneiss  with  which 
they  are  associated.  The  microscopic  examination  of  two  thin 
sections  shows,  that  although  it  must  be  referred  to  as  quartz-mica- 
diorite-gneiss,  it  differs  in  many  particulars  from  the  basic  bands  of 
the  ordinary  gneiss  to  which  this  name  has  also  been  applied.  It  has 
very  evidently  been  derived  from  the  shearing  of  a  basic  eruptive 
rock,  resulting  in  its  more  or  less  complete  re-crystallization,  and 
several  places  were  noticed  throughout  the  region  where  a  similar 
rock  could  be  traced  directly  and  continuously  into  the  ordinary 
massive  phase,  which  for  some  reason  had  escaped  such  complete 
deformation.  One  of  the  localities  where  this  can  perhaps  be  seen 
to  the  best  advantage  is  on  the  shores  of  one  of  the  smaller  bays 
running  to  the  northwest,  and  formic;  part  of  Leonard  inlet,  on 
the  west  coast  of  Shabosagi  or  Wicksteed  lake.  This  amphibolite, 
or  quartz-mica-diorite-gneiss,  is  composed  of  quartz,  plagioclase, 
hornblende,  with  an  iron  ore  (probably  titaniferous)  and  epidote, 
garnet,  apatite  and  zircon.   Associated  also  with  the  gneiss  near  this 
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point  is  some  of  the  uralitic  diabase  already  described  as  occurring 
on  the  west  shore  of  the  lake. 

From  the  Indian  portage  northward  to  within  about  two  miles  of 
the  mouth  of  the  Montreal  river  the  rocks  present  the  usual  alterna- 
tion of  reddish,  grey,  and  almost  black  bands.  The  strike  of  the  folia- 
tion is  somewhat  irregular  or  divergent,  but  the  general  directions 
are  indicated  on  the  accompanying  map. 

Martel  point,  as  well  as  the  shores  of  the  small  bay  to  the  south, 
and  some  small  rocky  islets  lying  close  to  the  eastern  shore  of  the 
lake  in  this  vicinity,  are  composed  of  a  dark-green,  almost  black 
diorite. 

From  Buffalo  rock  northwards  along  the  west  shore  the  strike  of 
the  gneiss  does  not  show  any  wide  variation,  the  general  direction 
being  from  S.  45°  W.  to  S  65°  W.  with  a  dip  to  the  southeast  < 
40°  to  80°.  The  general  colours  are  shades  of  light  and  dark  grey, 
with  some  reddish  bands  where  the  feldspar  has  been  stained  by  iron. 
A  specimen  obtained  from  an  exposure  nearly  opposite  the  mouth  of 
the  Kipawa  shows  a  fine-grained,  grey,  evenly  foliated,  micaceous 
rock,  slightly  discoloured  throughout  by  iron  oxide.  The  microscope 
shows  the  rock  to  be  a  granitite-gneiss,  consisting  chiefly  of  ortho- 
clase,  quartz,  biotite  and  epidote  and  bearing  a  close  resemblance  to 
the  gneiss  exposed  near  the  north  end  of  the  Opimika  narrows,  al- 
though somewhat  finer  in  texture. 

The  contact  between  these  gneissic  rocks,  mapped  as  Laurentian, 
and  the  Huronian  rocks,  is  exposed  on  the  west  shore  of  the  lake 
about  two  and  a  quarter  miles  south  of  the  mouth  of  the  Montreal 
river.  Immediately  south  of  the  small  creek  which  enters  the  lake 
from  the  west  four  and  a  half  miles  south  of  the  Montreal  river  the 
gneiss  has  a  strike  of  S.  60°  W.  with  a  dip  S.  30°  E.  <  85°,  while 
in  the  bed  of  the  creek  itself  the  rock  is  apparently  of  a  coarse  dark 
micaceous  variety,  decomposed  almost  wholly  to  a  chlorite-schist  asso- 
ciated with  some  steatite  or  soapstone.  For  nearly  a  mile  north  of 
this  the  shore  is  composed  of  a  flesh-red  gneissic  granite,  striking 
from  N.  60°  W.  to  N.  70°  W.  and  dipping  to  the  southwest  at  high 
angles.  The  point  about  a  mile  to  the  south  of  the  contact  is  occu- 
pied by  a  massive  dark  mica-diorite  or  uralitic  diabase,  intersected  in 
various  directions  by  dikes  of  red  gneissic  material.  Near  the 
junction  the  Lauientian  is  represented  by  a  light-reddish  or  reddish- 
grey  gneissic  granite,  with  somewhat  indistinct  foliation  but  no 
lamination.  The  rock  is  massive,  rather  coarse-grained,  containing 
a  comparatively  small  proportion  of  bisilicate  material.  Under  the 
microscope  it  is  seen  to  be  a  granitite-gneiss,  the  feldspar  having 
undergone  somewhat  advanced  saussuritization,  while  the  biotite 
originally  present  has  been  wholly  converted  into  chlorite. 
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The  rock  in  contact  with  this  gneissic  granite  on  the  west  shore, 
representing  the  Huronian,  is  the  typical  and  widespread  breccia-con- 
glomerate described  by  Sir  William  Logan  as  "  slate  conglomerate  " 
or  "chloritic  slate  conglomerate." 

This  rock  contains  numerous  angular  as  well  as  rounded  fragments, 
among  which  those  of  a  somewhat  coarse  flesh-red  granite  are  the 
most  abundantly  represented.  These  granite  pebbles  are  composed 
chiefly  of  flesh-red  orthoclase,  with  a  smaller  quantity  of  greyish 
translucent  quartz  and  relatively  little  biotite,  which  has  evidently 
undergone  very  advanced  alteration  to  chlorite.  Occasional  speci- 
mens of  a  dark-green  rock,  which  seems  to  be  an  extremely  fine- 
grained and  altered  diabase,  were  noticed,  while  irregular  and  an- 
gular fragments  of  simple  minerals,  chiefly  quartz  and  feldspar,  are 
rather  abundant.  This  coarse  fra«*mental  material  is  held  in  a  dark- 
green  slaty  matrix,  in  which  chlorite  and  epidote  are  the  most  abund- 
ant constituents.  Both  the  larger  fragments  and  matrix  have  been 
subjected  to  intense  and  long  continued  pressure.  The  coarser  frag- 
ments are  squeezed  out  in  a  direction  at  right  angles  to  the  line  of 
junction,  while  the  softer  and  more  yielding  matrix  curves  around 
these  inclusion. 

The  granite  and  conglomerate  are  very  closely  and  firmly  cements 
together  along  their  line  of  junction,  and  it  would  be  quite  easy,  were 
it  not  for  the  broken  and  jointed  character  of  both  rocks,  to  secure 
pieces  exhibiting  portions  of  each  in  the  same  hand  specimen.  The 
line  of  contact  in  the  immediate  vicinity  of  the  lake  runs  in  a  general 
direction  of  S.  75°  W.,  but  this  line  is  not  perfectly  straight,  as  the 
granite  has  a  somewhat  sinuous  edge  which  is  followed  very  faith- 
fully by  similar  irregularities  in  the  schistose  structure  of  the 
breccia-conglomerate.  It  is  quite  evident  from  an  inspection  of  the 
coarser  fragments  that  they  have  not  been  derived  from  the  disin- 
tegration of  the  gneiss ic  rocks  with  which  these  elastics  come  in 
contact,  for  the  minerals  composing  them  are  much  coarser  in  their 
method  of  crystallization  and  of  a  deeper  red  colour,  resembling 
closely  in  these  particulars  the  granite  exposed  en  lwtli  sh  >re<  ;>f  the 
lake  to  the  north  of  the  Old  Fort  narrows.  Besides,  the  rock  in  im- 
mediate contact  with  these  Laurenttan  gneisses  often  contains  far 
fewer  fragments  of  such  materials  than  exposures  of  similar  rock 
farther  removed  from  the  line  of  junction. 

The  Huronian  to  the  south  of  Montreal  river,  on  the  west  shore  of 
the  lake,  i9,  as  a  rule,  represented  by  a  fine-grained  feldspathic  sand- 
stone, generally  of  a  pale  greenish-grey  colour.  Microscopic  examin- 
ation of  a  specimen  obtained  about  a  mile  and  three-quarters  south 
of  the  mouth  of  the  river  shows  this  rock  to  be  made  up  of  angular, 
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sub-angular  and  occasionally  of  rounded  fragments  of  orthoclase, 
quartz,  plagioclaae  and  microcline,  cemented  together  by  similar 
material  in  a  finer  state  of  division,  with  some  chlorite,  epidote  and 
sericite  often  filling  in  the  smaller  interstices.  In  many  places  this 
rock  is  very  hard  and  flint-like  in  character,  breaking  readily  under 
the  hammer  with  a  splintery  or  conchoidal  fracture.  It  occurs  in 
somewhat  thin  beds,  often  shaly,  dipping  S.  83°  W.  <  20°  while  a 
set  of  cleavage  planes  which  have  been  developed  as  a  result  of 
pressure  dip  S.  20°  E.  <  70°.  At  the  point  just  north  of  the  contact 
the  rock  is  a  greenish-grey  compact  slaty  greywacke\  which  has 
evidently  been  subjected  to  great  pressure  and  alteration,  for  a  dis- 
tinct foliation  or  schistose  structure  has  been  developed,  the  various 
bands  of  the  rock  being  squeezed  out  into  lens  or  pod-shaped  areas, 
while  pronounced  curves  in  the  direction  of  the  schistosity  may  be 
observed,  due  to  the  equal  resistance  deformation  offered  different 
bands  and  portions  of  the  rock.  At  the  immediate  line  of  contact  the 
parallel  structure  of  both  Laurentian  and  Huronian  comform  with 
one  another,  these  being  produced  as  a  result  of  mutual  reaction, 
the  resistance  offered  by  the  neighbouring  clastic  primarily  determin- 
ing the  direction  of  the  foliation  in  the  granite,  while  the  forces  of 
upheaval  in  the  gneiss  have  served  to  compress  very  materially  the 
neighbouring  clastic  rocks.  The  Huronian  strata  which  are  here 
present  form  a  curiously  lengthened  wedge-shaped  strip  between  the 
Laurentian  granite  and  the  laccolithic  or  overflow  mass  of  diabase 
which  constitutes  the  summit  of  the  "  King  of  the  Beaver." 

On  the  east  shore  of  the  lake,  from  Martel  point  northward,  the 
Laurentian  is  represented  almost  altogether  by  a  pale  flesh-red  gran- 
ite, showing  little  or  no  bisilicate  material,  the  principal  coloured 
constitutent  being  epidote,  which  is  somewhat  abundant.  The  con- 
tact between  this  rock  and  the  breccia-conglomerate  of  the  Huronian 
is,  on  the  east  side  of  the  lake,  about  three  miles  north  of  the 
Montreal  river.  The  actual  contact  is  concealed,  but  outcrops  of 
both  rocks  occur  within  a  space  of  less  than  one  hundred  yards,  and 
from  these  it  would  seem  that  the  line  intersects  the  shore  at  a  point 
immediately  south  of  a  small  creek  which  empties  into  the  lake  in 
this  vicinity.  Inland,  the  line  is  effectually  hidden  by  overlying 
drift  material,  but  its  general  direction  seems  to  be  very  approxim- 
ately N.  55°  E. 

The  granite  near  the  contact  contains  a  large  irregular  mass  of  a 
coarse  dark-green  diorite.  An  area  of  finer  crystalline  chlorite-schist 
runs  at  right  angles  to  the  line  of  junction,  tfid  may  represent  either 
a  small  basic  dike  which  has  been  subjected  to  pressure  or  an  ex- 
tremely altered  fragment  of  the  Huronian  greywlcke*  which  has  been 
caught  up  in  the  granite. 
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In  the  breccia-conglomerate  the  matrix  is  often  present  in  very 
subordinate  quantity.  The  most  abundant  fragments  are  of  the  usual 
biotite-granite  type,  while  others  of  a  pale  greyish  granite  rock  are 
seen  in  thin  sections  under  the  microscope  to  consist  of  phenocrysts 
of  plagioclase  or  orthoclase  embedded  in  a  fine-grained  quartz-feld- 
spar groundmass.  Besides  these  there  are  some  fragments  composed 
of  a  fine-grained  altered  diabase,  and  others  of  a  greenish-grey  slaty 
rock  (resembling  in  a  most  marked  manner  the  compact  variety  of 
the  greywacke"  of  the  Huronian)  and  some  grey  quartz. 

The  material  filling  the  interspaces  is  seen  under  the  microscope  to 
consist  of  a  confused*  aggregate  of  scales  and  grains  of  chlorite  and 
epidote,  with  abundantly  disseminated  particles  of  iron  ore  and  fine 
granules  of  sphene  and  epidote.  At  first  sight  this  conglomerate, 
occurring  as  it  does  in  very  massive  beds  with  no  pronounced  paral- 
lelism in  the  arrangement  of  the  larger  fragments,  seems  devoid  of 
any  definite  structural  features,  but  a  closer  inspection  shows  the 
strike  to  be  about  N.  50°  E.  while  the  dip  is  to  the  southeast  <  10°. 
As  here  exposed  it  forms  a  hill  about  four  hundred  feet  in  height, 
presenting  a  very  sharp  and  abrupt  northern  face,  while  to  the  south 
it  slopes  more  gradually  down  towards  the  line  of  demarcation  be- 
tween the  two  formations.  To  the  north  and  west  this  rock  is 
succeeded  by  a  dark  greenish-grey,  compact,  slaty  rock  which  seems 
to  underlie  the  breccia-conglomerate,  although  in  other  sections  the 
conglomerate  occurs  at  the  very  base  of  the  Huronian.  The  ex- 
posures at  this  place,  however,  are  not  in  immediate  contact,  so  that 
the  relations  of  the  two  could  not  be  ascertained  with  certainty. 

On  the  small  island  in  Lavallee  bay  the  rock  is  a  fine-grained, 
greenish-grey  greywacke,  much  squeezed  and  jointed,  breaking  with 
a  conchoidal  and  somewhat  splintery  fracture.  The  small  island  near 
the  east  shore  about  a  mile  southeast  of  Roche  McLean  is  also  formed 
of  a  similar  greenish-grey  compact  feldspathic  sandstone  rather  mas- 
sive in  structure. 

The  western  shore  of  Lake  Timiskaming,  from  the  Montreal  river 
to  Roche  McLean,  is  occupied  by  the  massive,  bedded,  breccia-con- 
glomerate which  dips  in  a  westerly  direction  at  an  angle  of  15°.. 
This  rock  has  already  been  described.  A  specimen  obtained  from  an 
exposure  about  two  miles  north  of  the  Montreal  river,  however, 
showed  the  matrix  to  be  relatively  more  abundant  than  usual.  The 
diabasic  pebbles  are  also  more  plentiful  than  those  of  red  granite, 
while  fragments  of  simple  minerals  predominate  greatly  over  those 
of  composite  rocks.  The  quartz  and  feldspar  fragments  are  sharply 
angular,  while  the  composite  individuals  are  as  a  rule  somewhat 
rounded. 
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In  the  conglomerate  near  Roche  McLean  the  pebbles  are  more 
rounded  and  much  more  sparsely  disseminated  through  the  matrix. 
Pieces  of  an  extremely  altered  diabase  were  noticed,  and  also  some  of 
a  fine-grained  greatly  crushed  quartz,  filled  with  small  scales  of  sericite 
and  chlorite.  The  reddish  pebbles  are  of  the  prevailing  type  of 
biotite-granite  or  granitite.  Roche  McLean  itself  is  a  large  rounded 
and  glaciated  hummock  of  this  breccia-conglomerate,  separated  from 
the  west  shore  by  a  narrow  interval  at  high  water. 

To  the  north  of  Roche  McLean  the  western  shore  for  a  distance  of 
a  little  over  a  quarter  of  a  mile  is  occupied  by  a  series  of  dark-grey 
slaty  rocks,  the  only  structural  feature  discernible  being  the  planes  of 
cleavage,  which  dip  northward  at  a  high  angle.  This  comes  in  contact 
with,  and  is  somewhat  altered  by,  a  small  intrusion  of  diabase  which 
is  doubtless  nn  extension  of  the  large  mass  which  comes  out  on  the 
eastern  shore  at  Quinn  point.  To  the  north  of  this  diabase  the 
massive  breccia-conglomerate  again  outcrops,  and  is  penetrated  by  a 
mass  or  dike  of  similar  diabase,  but  with  this  slight  interruption 
continues  northward  along  the  shore  almost  as  far  as  Island  point 

This  point  is  so  named  because  of  the  existence  at  high-water  of  a 
narrow  and  shallow  channel  separating  it  from  the  western  shore.  It 
is  composed  of  a  much  squeezed,  contorted  and  altered  slaty  greywackl, 
containing  a  considerable  quantity  of  epidote.  It  is  pierced  through- 
out by  small  and  intricate  granitic  intrusions  which  have  evidently 
assisted  materially  in  hardening  and  otherwise  changing.  To  the 
north  this  rock  is  again  succeeded  by  a  conglomerate,  containing  the 
usual  abundance  of  granitic  fragments  embedded  in  a  dark-green 
diabasic  or  dioritic  paste,  resembling  a  diabase-tuff.  About  a  quarter 
of  a  mile  north  of  Island  point  this  rock  comes  in  contact  with  a 
fine-grained  hornblende-granite  that  forms  the  shores  of  the  bay  to 
the  south  of  Pointe  a  la  Barbe,  extending  inland  in  a  northwesterly 
direction  and  possibly  connected  with  the  mass  of  granite  exposed 
on  the  western  shore  of  the  lake  above  the  old  Fort  narrows,  although 
it  is  very  different  in  appearance  from  this. 

In  many  places  this  granite  shows  dark  patches,  generally  oval  or 
rounded  in  outline,  varying  in  diameter  from  a  few  inches  to  a  foot 
or  more.  These  patches  are  caused  by  the  segregation  of  the  coloured 
constituents  and  the  more  or  less  complete  exclusion  of  the  feldspar 
and  quartz.  They  constitute  what  are  familiarly  known  as  the  '  dark 
spots '  (ausscheidungen)  so  commonly  seen  in  granites,  and  evidently 
represent  the  first-formed  nuclei  in  a  slow-cooling  magma. 

Quinn  point  is  the  name  usually  applied  to  a  series  of  rugged  hills 
that  form  the  shoreward  extension  of  a  pronounced  range  that  ex- 
tends with  little  interruption  for  some  miles  to  the  northeast.  The 
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rock  composing  these  hills  is  a  dark  greenish-grey  uralitic  diabase,  in 
which  the  ophitic  structure  is  generally  apparent  to  the  eye.  The  rock 
varies  in  texture,  the  coarse  phases  assuming  more  of  the  holocrystal- 
line  or  granitoid  structure  characteristic  of  gabbro.  Jointed  struc- 
ture is  very  perfectly  developed,  one  set  of  planes  dipping  westward 
<  80°  while  another  series  dips  eastward  <  12°.  The  rock  is  com- 
posed chiefly  of  plagioclase,  which  frequently  contains  much  disse- 
minated iron  oxide,  giving  it  a  red  hue,  and  hornblende,  which  has 
evidently  resulted  from  the  alteration  of  augite.  A  small  quantity 
of  some  carbonate  (probably  dolomite)  a  little  interstitial  quartz  and 
titanic  iron  ore  were  also  noticed. 

The  Qull  Rock  islands  are  situated  about  half  a  mile  north  of 
Quinn  point.  There  are  two  of  them,  presenting  low  rounded  and 
well  glaciated  surfaces  but  little  raised  above  the  high-water  level  of 
the  lake  and  almost  destitute  of  vegetation.  The  rock  composing 
them  is  the  breccia-conglomerate  containing  very  numerous  and 
often  well  rounded  pebbles  and  boulders,  chiefly  of  red  and  reddish- 
grey  granite,  with  some  of  a  compact  dark-green  altered  diabase  and 
a  few  of  a  fine-grained  greatly  crushed  quartzite.  The  matrix  con- 
sists of  the  same  sort  of  material  in  a  finer  state,  with  greenish 
chlorite  filling  in  the  smaller  interspaces. 

Aioose  rock  is  the  name  applied  to  a  huge  boulder  of  rounded  out- 
line perched  upon  a  shoal.  It  is  almost  thirty  feet  in  diameter  and 
must  have  been  detached  from  the  cliffs  of  similar  rock  on  the  east 
shore,  over  a  mile  to  the  northward  of  its  present  site,  and  has  been 
moved  during  the  glacial  period. 

The  northern  end  of  Point  a  la  Bar  be,  on  the  west  shore,  about 
two  miles  south  of  the  Old  Fort  narrows,  is  formed  by  an  island 
which,  at  high-water,  is  divided  into  two  almost  equal  parts,  con- 
nected by  a  slender  rocky  peninsula.  The  rock  composing  it  resembles 
the  finer-grained,  hardenel  and  altered  matrix  of  the  breccia-con- 
glomerate. On  the  opposite  shore  a  steep  rocky  point  juts  out  into 
the  lake  forming  a  narrows.  The  breccia-conglomerate  is  here  ex- 
posed for  a  considerable  distance  along  the  shore  either  way,  reaching 
to  within  about  a  quarter  of  a  mile  of  the  mouth  of  the  Little  river. 
The  shore-line  at  this  point  rises  steeply  into  a  hill  nearly  four  hun- 
dred feet  in  height,  forming  the  shoreward  extension"  of  conspicu- 
ous ridge  that  runs  for  several  miles  to  the  northeast,  and  marks 
the  southern  limit  of  the  Little  River  valley.  The  rock  has  a  strike 
of  about  N.  60°  E.,  and  a  dip  at  low  angle,  less  than  5°,  to  the  north- 
west. The  breccia-conglomerate  here  passes  upward,  by  a  gradual 
diminution  of  the  larger  fragments,  into  a  compact,  fine-grained 
arkose  sandstone  or  greywaeke  that  is  exposed  along  the  shore  to- 
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■ward  the  mouth  of  the  Little  river.  Under  the  microscope  this  rock 
is  seen  to  be  made  up  of  partly  rounded  fragments  of  quartz,  ortho- 
clase,  microcline  and  oligoclase,  embedded  in  a  matrix  proportion- 
ately less  in  quantity  and  composed  chiefly  of  chlorite  and  sericite. 
The  fragments  are  nearly  equal  in  size  and  show  no  pronounced 
rounding.  The  greenish  colour  is  owing  mainly  to  the  large  amount 
of  chlorite  present  in  the  matrix. 

To  the  north,  and  in  ascending  order,  this  rock  is  succeeded  by  a 
somewhat  coarse-grained  sandstone  or  grit,  which  forms  the  point 
immediately  north  of  the  mouth  of  the  Little  river.  It  also  extends 
across  the  lake,  occupying  a  corresponding  promontory  on  the  west 
side,  known  as  Blueberry  point.  On  both  sides  of  the  lake  the  rock 
occurs  in  thick  massive  beds,  the  stratification  being  shown  only  by 
the  occurrence  of  conglomerate  bands  disposed  in  a  somewhat  con- 
stant direction.  The  rock  is  much  jointed  and  broken,  the  frag- 
ments having  a  rough  rhombohedral  outline.  To  the  north  it  is  con- 
cealed in  great  part  by  the  deep  and  extensive  sand  and  gravel  do- 
posits  that  form  the  narrows  opposite  the  Old  Fort,  but  occasional 
outcrops  may  nevertheless  be  noticed.  The  rock  extends  along  the 
east  shore  of  the  lake  nearly  three-quarters  of  a  mile  northeast  of 
the  Narrows,  where  it  reposes  directly  on  a  massive  red  biotite-granite, 
although  the  actual  junction  is  concealed.  To  the  south  of  the  nar- 
rows the  rock  occurs  either  in  horizontal  beds  or  dipping  at  a  low 
angle  to  the  northwest,  but  north  of  the  narrows  it  seems  to  dip 
8.  35°  E.  <  20°. 

A  specimen  obtained  from  a  point  composed  of  this  rock  about  half 
a  mile  east  of  the  Old  Fort  is  a  pale  yellowish-green  coarse-grained 
quartzite  or  grit.  The  thin  section  under  the  microscope  shows  it  to 
be  composed  of  quartz  and  feldspar  embedded  in  a  groundmass  made 
up  of  pale  yellowish-green  sericite,  for  the  most  part  present  in 
exceedingly  minute  scales. 

The  granite  which  replaces  the  quartzite  to  the  northeast  of  the 
narrows  is  exposed  on  both  sides  of  the  lake.  It  lorms  the  western 
shore  as  far  as  Paradis  bay,  a  distance  of  about  four  miles,  and 
extends  from  half  a  mile  to  a  mile  inland.  On  the  east  side  it  com- 
poses Wine  poinj  and  the  southern  shore  of  Kelly  (Priests)  bay, 
extending  for  a  short  distance  west  of  the  steamboat  wharf  to  the 
point  already  mentioned,  about  three-quarters  of  a  mile  northeast  of 
the  Old  Fort  narrows.  In  all,  these  granite  exposures  cover  roughly 
an  area  of  six  miles.  Microscopically  the  granite  is  rather  coarse  in 
texture  and  of  a  deep  flesh-red  colour,  owing  to  the  marked  predomin- 
ance of  the  feldspathic  constituents,  all  of  which  have  been  abund- 
antly stained  by  iron. 
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Several  small  areas  were  noticed  which  have  assumed  a  greenish 
colour  owing  to  the  epidotization  and  sericitization  of  a  portion  of 
the  feldpsar;  but  such  decomposed  portions  are  proportionally  insig- 
nificant, and  the  whole  mass  of  the  rock  is  extremely  uniform,  not 
only  in  colour  but  in  the  relative  abundance  and  mode  of  develop- 
ment of  its  mineral  constituents.  The  quartz  occurs  for  the  most 
part  in  somewhat  rounded  though  irregular  isolated  areas,  giving 
to  the  rock  a  conglomeratic  or  porphyritic  appearance,  a  fact  noted 
by  Sir  William  Logan  on  the  manuscript  map  embracing  his  survey 
of  this  lake  made  in  1845.  Indeed  the  rock  at  first  glance  presents  a 
marked  resemblance  to  some  of  the  brick-red  quartz-porphyritea  of 
Lake  Superior.  The  ferromagnesian  constituent  is  present  in  very 
small  quantity  and  is  now  almost  wholly  converted  to  chlorite,  the 
deep  green  colour  of  this  mineral  being  probably  the  reason  that 
the  rock  has  hitherto  been  described  as  a  hornblende-granite. 

On  previous  geological  maps  covering  this  area  this  granite 
received  the  coloration  usually  applied  to  an  acid  eruptive,  and  as 
nothing  was  stated  to  the  contrary  it  waa  very  naturally  inferred 
that,  as  such,  it  was  of  later  age  than  the  Huronian  elastics  with 
which  it  is  associated.  Sir  William  Logan  in  his  early  report  does 
not  give  any  details  of  its  relations  with  the  neighbouring  stratified 
rocks,  but  only  speaks  of  it  as  '  interrupting '  the  sandstones  on  Lake 
Timiskaming.  During  the  progress  of  the  present  survey  a  detailed 
examination  was  made  of  the  line  of  junction  between  this  granite 
and  the  quartzite-grit.  The  best  locality  for  investigating  the  various 
contact  phenomena  is  situated  in  the  small  bay  immediately  west  of 
the  steam-boat  wharf  at  Baie  des  Peres.  In  addition  to  the  observa- 
tions made  on  the  ground  a  large  suite  of  specimens  was  obtained 
illustrative  of  the  line  of  junction  for  microscopic  examination. 

The  facts  obtained  indicate  the  derivation  of  this  quartzite-grit  or 
arkose  from  the  disintegration,  in  situ,  of  the  granite,  and  are  believed 
to  form  an  almost  unique  example  of  the  recognition  of  a  portion  of 
the  original  granitic  floor  upon  which  the  Huronian  sediments  were 
deposited  and  from  which  they  were  derived. 

In  the  vicinity  of  the  line  of  junction  between  the  two  rocks  the 
arkose  or  quartzite  may  be  seen  dipping  away  fron\  the  mass  of  the 
granite  at  a  very  low  angle.  The  massive  and  jointed  character  of  the 
beds  of  the  arkose  render  it  impossible  to  ascertain  exactly  all  the 
minute  details  of  the  structural  relations,  but  it  is  clear  that  the 
quartzite  originally  transgressed  upon  the  surface  of  the  granite 
almost  horizontally.  The  granite  has  been  unequally  eroded  and 
truncated,  so  that  th.  present  line  of  contact  between  the  two  rocks 
is    ndulating  and  irregular. 
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From  a  distance  the  line  appears  to  be  sharp  and  abrupt,  the 
greenish  colour  of  the  quartzite  showing  up  very  clearly  and  distinct- 
ly in  contrast  to  the  red  colour  of  the  granite.  A  closer  inspection, 
however,  showed  that  there  is  a  gradual  passage  upward  and  outward 
from  the  main  granite  mass  to  the  overlying  arkose.  Macroscopically 
this  passage  consists  in  a  gradual  loss  of  the  red  coloration  of  the 
unaltered  granite  and  the  progressive  appearance  in  its  arkose  of  a 
yellowish-green  hue,  although  along  the  immediate  contact  there  is 
no  visible  change  in  the  position  of  the  constituent  minerals. 

Thin  sections  of  the  least  altered  portions  of  the  granite  exhibit  a 
normal  holocrystalline  hypidiomorphic  structure,  with  a  tendency  to 
idiomorphic  development  on  the  part  of  the  plagioclase.  The  rock  is 
a  rather  typical  biotite-granite. 

The  quartz  is  somewhat  cracked  and  the  feldspar  and  biotite  are 
more  or  les9  altered,  but  the  rock,  as  a  whole,  is  fairly  fresh,  and 
neither  dynamic  nor  chemical  forces  have  acted  on  it  to  such  an 
extent  as  to  render  its  true  character  and  origin  doubtful. 

The  junctions  between  the  grains  of  the  various  minerals  are  sharp 
with  no  interstitial  granulated  material.  The  quartz  is  the  ordinary 
granitic  variety  and  is  filled  with  minute  inclusions,  frequently 
arranged  in  irregular  interlacing  bands.  Many  of  these,  when  highly 
magnified,  prove  to  be  cavities  filled  with  fluids  and  often  containing 
movable  bubbles.  The  larger  quartz  grains  under  polarized  light 
are  seen  to  be  made  up  of  an  aggregate  of  smaller  grains  with  differ- 
ing orientation,  and  the  quartz  has  a  distinct  but  not  excessive  undu- 
latory  extinction.  The  predominent  feldspar  is  generally  microcline, 
which  can  be  seen  in  all  its  various  stages  of  development  from  grains 
exhibiting  only  an  indistinct  moire  structure  (Plate  V.,  fig.  2),  to 
those  in  which  the  cross  hatching  is  perfectly  developed  (Plate  V., 
fig.  2).  The  former,  however,  are  the  more  abundant.  It  is  turbid 
and  much  stained  with  iron  oxide. 

Plagiodase  is  as  a  rule  quite  abundant,  and  as  already  remarked 
exhibits  a  tendency  to  idiomorphic  development.  It  is  frequently 
embedded  or  intergrown  with  the  orthoclase  and  microcline.  The 
individual  sections  are  broad  and  tabular,  parallel  to  M.,  and  show  in 
gront  perfection  the  fine  striation  due  to  multiple  twinning.  Their 
outlines  are  more  or  less  rounded.  Oarlsbad  twins  appear  to  be  rare, 
but  were  occasionally  observed.  Zonal  structure  was  noticed  in  only 
a  very  few  instances  and  then  was  not  at  all  pronounced.  Like  the 
orthoclase  and  microcline  this  feldspar  is  turbid  in  consequence  of 
incipient  alteration,  and  little  scales  of  sericite  are  scattered  through 
it.  Inclusions  of  biotite  are  not  infrequent.  Bending  of  the  twin 
lamella?  is  rare,  and  exists  only  in  a  very  slight  degree.  The  mean  of 
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several  determinations  gave  about  -flO0  as  the  extinction-angle 
measured  on  M.,  between  adjacent  lamella?,  showing  the  feldspar  to 
belong  probably  to  the  acidic  end  of  the  oligoclase  series.  As  usual, 
where  alteration  is  commencing,  it  shows  itself  in  the  centre  of  the 
crystals. 

Biotite  was  the  only  ferro-magnesian  constituent  noted  in  the  sec- 
tion. It  forms  irregular  plates  and  flakes  which  are  considerably 
altered  to  chlorite.  The  original  brown  colour  of  the  material  has 
been  changed  to  a  light-green,  but  without  entirely  obliterating  the 
optical  characters  of  the  biotite.  Inclusions  of  ilmenite  with  leu- 
coxene  are  common.  The  mineral  is  not  very  abundant  in  this  parti- 
cular section. 

Ilmenite  is  the  iron  ore  present  in  the  rock,  always  accompanied 
by  its  alteration-product  leucozene,  and  in  some  instances  immediate- 
ly associated  with  zircon  and  apatite  crystals.  Occasionally  it  may 
be  observed  replacing  titanite,  skeleton  forms  of  the  latter  mineral, 
with  sharply  defined  acute  rhombic  outlines,  being  filled  with  a 
mixture  of  carbonates,  ilmenite,  Ac. 

Chlorite  is  present  in  the  rock  as  the  final  stage  of  alteration  of 
the  biotite. 

A  few  irregular  grains  and  crystals  of  zircon  with  well-defined 
zonal  structure  were  noted,  and  exhibited  the  usual  optical  characters 
of  the  species. 

Apatite  is  also  present,  but  is  not  very  abundant,  occurring  in 
small  crystals  and  irregular  grains. 

Sericite,  or  an  allied  hydrous  mica,  is  present  in  minute  scales  and 
flakes  scattered  through  the  feldspar,  as  the  result  of  their  altera- 
tion.  Bed  oxides  of  iron  are  abundant. 

At  the  other  extreme  the  derived  arkose  or  quartzite-grit  show 
distinctly  rounded  and  water-worn  fragments,  chiefly  of  greyish 
translucent  quartz,  varying  in  size  from  those  only  microscopically 
observable,  to  others  which  are  sometimes  an  inch  in  diameter  and 
are  arranged  in  layers,  which  have  evidently  resulted  from  a  sorting 
of  the  material  by  water  action.  These  fragments  are  embedded  in 
a  groundmass  or  cement  varying  greatly  in  proportionate  quantity 
and  composed  of  a  confused  mass  of  minute  sericite  scales,  being  the 
argillaceous  product  of  the  decomposing  feldspar. 

The  series  of  thin  sections  studied  represent  the  various  stages  in 
the  process  of  the  degradation  of  the  granite,  in  consequence  of  which 
the  overlying  arkose  has  been  produced.  The  first  step  shows  the 
development  of  microcline  at  the  expense  of  the  orthoclase,  accom- 
panied by  an  incipient  sericitization  of  the  feldspars,  which  is  notice- 
able, to  a  considerable  extent,  even  in  the  least  altered  specimens. 
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Thvj  is  accompanied  by  marked  alteration  of  the  biotite  to  chlorite, 
the  levelopment  of  a  distinct  undulous  extinction  in  the  quartz  and 
a  ci  tcking  of  some  of  the  individual  grains.  A  further  stage  is 
reach  xl  when  the  quartz  is  accompanied  by  the  occurrence  of  mosaic- 
like ajeas  between  the  larger  grains,  while  these  latter  show  very 
pronounced  strain-shadows.  The  plagioclase  likewise  shows  more 
frequent  evidence  of  pressure  in  its  twinning,  the  lainalla?  often  in 
these  cases  ending  abruptly  against  cracks  traversing  the  crystal. 
Bending  of  the  lamellffl  is  more  frequent,  while  the  alteration  of 
biotite  to  chlorite  is  more  complete,  and  is  frequently  accompanied 
by  the  deposition  of  iron  ore  between  the  flakes. 

Thia  is  closely  followed,  marking  what  may  be  called  the  third  step 
in  the  transition,  by  an  appreciable  advance  in  the  alteration  of  the 
feldspar,  especially  of  the  plagioclase,  which  becomes  traversed  by  a 
series  of  ctacks  filled  with  sericite,  the  alteration  extending  outward 
into  the  main  mass  of  the  individual  grains;  but  there  is  still  no 
evidence  of  motion  or  shoving  apart  of  the  fragments. 

A  fourth  and  somewhat  sudden  advance  appears  when  the  altera- 
tion  of  the  feldspars  has  proceeded  to  an  extreme  degree,  while  cer- 
tain fragments  have  been  shoved  apart  Each  individual  grain  still 
occupies  the  same  relative  position  with  regard  to  the  other  mineral 
constituents,  but  in  places  portions  of  quartz  and  feldspar,  especially 
the  former,  can  be  noticed  to  have  changed  their  position  along 
certain  cracks  traversing  the  grains,  the  portions,  however,  being 
never  widely  separated.  The  plagioclase  has  been  almost  completely 
sauesuritized,  leaving  the  unaltered  quartz  grains  in  almost  the 
original  position  occupied  by  them.  The  microcline  and  orthoclase, 
though  badly  decomposed,  have  not  undergone  such  complete  altera- 
tion as  the  plagioclase.  The  fifth  stage  is  reached  when  both  ortho- 
clase and  microcline  have  undergone  somewhat  complete  decomposi- 
tion, some  of  the  individuals  being  now  represented  by  an  intricate 
mass  of  their  alteration-products.  Thia  is  accompanied  by  markedly 
uneven  extinction  in  the  quartz-grains,  as  well  as  by  a  cracking  and 
separation  of  quartz  and  feldspar-crystals,  which  is  more  evident  in 
the  former. 

The  sixth  and  final  stage  in  the  process  shows  that  the  feldspars 
have  almost  entirely  disappeared,  although  occasionally  irregular 
cores  of  the  unaltered  mineral  remain.  The  groundmass  is  now  seen 
to  consist  of  a  fine-grained  sericitic  material,  in  which  are  embedded 
aharply  angular  or  sub-angular  fragments  with  very  pronounced 
undulous  extinction.  The  whole  appearance  of  the  rock,  both  in  the 
hand  specimen  and  under  the  microscope,  is  that  af  a  typical  clastic 
(arkose).   There  is  every  evidence,  however,  that  much  of  the  mate- 
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rial  has  not  undergone  any  very  wide  separation,  while  the  quartz 
fragments  still  preserve  a  tolerably  sharp  outline,  showing  no  pro- 
nounced water-action. 

The  suite  of  specimens  obtained  exhibits  a  still  further  stage, 
representing  the  whole  process  leading  to  a  final  assortment  and  re- 
arrangement of  the  degraded  material  by  water  into  bands  of  differ- 
ing coarseness,  and  resulting  ultimately  in  the  formation  of  some- 
what typical  grits  and  conglomerates.  The  change  has  evidently  been 
first  mainly  a  chemical  one,  primarily  attacking  the  biotite,  then  the 
plagioclaeo,  microcline  and  orthoclase  and  leaving  the  quartz  alone 
comparatively  unchanged.  The  rock  thus  softened  and  loosened  by 
decomposition  has  offered  a  less  effectual  resistance  to  the  process 
of  disintegration,  the  process  ending  finally  in  the  complete  breaking 
down  of  the  surface  of  the  granite  mass  and  the  formation  of  the 
overlying  arkose. 

The  latter  rock  forms  the  western  shore  of  the  lake  between  Para- 
dis  and  Martineau  bays,  opposite  Bryson  island,  where  it  constitutes 
perpendicular  cliffs  that  rise  from  160  to  200  feet,  while  the  hills  im- 
mediately behind  continue  with  a  more  gradual  upward  slope  repre- 
senting a  considerable  additional  elevation.  The  rock  occurs  in  al- 
most horizontal  beds  striking  with  the  lake,  the  structure  seemingly 
representing  a  very  shallow  and  narrow  syncline;  the  beds  near  the 
southern  part  of  the  exposure  in  the  vieinity  of  Paradis  bay  dipping 
west,  while  those  near  Martineau  bay  dip  east  or  toward  the  lake. 
Almost  the  entire  eastern  shore  of  the  lake,  as  well  as  Chief,  Drunken 
and  Bryson  islands,  is  composed  of  this  greenish  quartzite  or  arkose. 
excepting  only  some  small  patches  and  strips  of  Silurian  limestone, 
elsewhere  described. 

This  greenish  quartzite  is  remarkably  homeogeneous,  generally  pre- 
senting the  characters  of  a  coarse  quartzose  sandstone  or  grit,  but 
occasionally,  as  on  Drunken  island,  becoming  finer-grained.  It  is  very 
hard,  resisting  well  the  general  influences  of  weather,  and  occurs  in 
thick  and  much  jointed  beds,  generally  of  a  pale  yellowish-green 
colour,  weathering  in  some  cases  to  a  light-brown  to  a  depth  of  about 
an  eighth  of  an  inch.  It  sometimes  has  a  brownish-green  colour,  in 
which  case  the  exposed  surfaces  gradually  assume  a  yellowish-green 
colour,  and  in  occasional  exposures  it  has  a  light-greyish  tint  with 
irregularly  disposed  spots  or  areas  of  a  greenish  colour. 

In  the  vicinity  of  the  narrows  between  the  eastern  shore  and 
Bryson  island,  the  rock  dips  N.  22°  W.  <  3°,  and  for  the  most  part 
Tuns  in  low  broad  undulations.  At  a  point  on  the  east  shore  about 
one  mile  and  a  quarter  south  of  Wright's  mine  this  rock  is  seen 
directly  superimposed  upon  the  hummocky  surface  of  a  very  massive 
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breccia-conglomerate.  The  latter  holds  the  usual  pebbles  of  eruptive 
material,  chiefly  granite  and  diabase,  and  the  chloritic  matrix  is 
very  subordinate  in  quantity.  The  exposure  presents  a  well  rounded 
and  glaciated  outline  sloping  at  an  angle  of  nearly  60°  to  the  north. 
At  the  summit,  about  forty  feet  above  the  water,  the  greenish  quartz* 
ite  seems  to  rest  directly  upon  the  conglomerate,  presenting  none  of 
the  usual  transitional  slaty  or  greywacke  beds.  The  beds  of  quartzite 
seem  to  run  in  a  somewhat  undulating  though  approximately  hori- 
zontal manner,  apparently  conforming  with  the  line  of  outcrop  of 
the  conglomerate. 

About  three-quarters  of  a  mile  north  of  Wright's  mine,  on«the  same 
shore,  there  is  a  very  interesting  section  showing  the  usual  breccia- 
conglomerate  at  the  base,  very  massive,  and  giving  little  or  no  struc- 
tural detail.  In  ascending,  however,  it  passes  into  a  breccia,  some- 
what similar  in  colour  and  composition,  but  in  which  the  lines  of 
stratification  can  be  readily  distinguished.  This  is  in  turn  succeeded 
by  a  fine-grained,  brownish,  well  banded  greywack6-slate,  some  por- 
tions of  which  cleave  readily  parallel  to  the  bedding.  This  contains 
some  smaller  intercalated  bands  of  the  breccia,  in  which  diabase  and 
quartz  fragments  prevail.  This  is  in  turn  overlain  by  another  bed 
of  conglomerate  that  passes  upward  into  the  yellowish-green  quartz- 
ite-grit.  The  dip  of  these  strata  is  to  the  northwest,  at  an  angle  of 
10°,  and  the  whole  thickness  of  the  section  exposed  is  about  fifty  feet. 
The  point  immediately  south  and  west  of  Wright's  mine  is  likewise 
composed  of  the  breccia-conglomerate,  filled  with  pebbles  of  eruptive 
material,  and  the  lode  itself  is  situated  in  a  similar  though  finer  rock. 
In  many  instances  the  chloritic  matrix  is  seen  to  wrap  or  flow 
around  the  enclosed  fragments. 

From  Martineau  bay  northward,  for  about  two  and  a  half  miles, 
th;?  western  shore  is  composed  of  a  dark-greenish  or  greenish-grey, 
medium  textured  diabase.  For  nearly  the  whole  of  this  distance  this 
rock  rises  into  cliffs,  sometimes  200  feet  high.  The  mass  of  the  rock 
is  much  jointed  and  broken,  and  some  of  the  jointage  planes  traverse 
it  for  considerable  distances,  thus  simulating  the  basaltic  structure  so 
frequently  assumed  by  similar  basic  eruptive  masses.  Under  the 
microscope  this  rock  is  seen  to  possess  a  typical  diabasic  or  ophitic 
structure,  the  interlacing  idiomorphic  laths  of  plagioclase  penetrating 
the  allotrimorphic  individuals  of  augite.  The  plagioclase  has  been 
rendered  more  or  less  turbid  by  the  development  of  the  usual  saus- 
suritic  products  of  decomposition,  but  many  individuals  still  retain 
their  clear  and  limpid  character.  The  augite  has,  however,  been 
altered  to  hornblende,  the  alteration  being  first  to  the  fibrous  form 
(the  more  abundantly  represented),  and  then  into  the  compact  green 
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trichroic  variety,  which  is  occasionally  present.  In  some  cases  de- 
composition has  proceeded  so  far  that  chlorite  has  resulted.  A  small 
quantity  of  unstriated  feldspar  in  broad,  irregular  areas,  that  may  be 
orthoclase,  was  noticed,  while  a  considerable  quantity  of  quartz  fills 
in  the  interspaces.  Occasional  flakes  and  scales  of  brown  biotite  arc 
likewise  present,  at  times  altered  to  chlorite.  The  ilmenite  is  almost 
entirely  altered  to  leucoxene,  although  undecomposed  portions  remain. 
This  diabase  constitutes  the  vertical  cliffs  known  as  the  Manitou  or  • 
Devils  rock,  forming  the  shoreward  extension  of  a  huge  mass  that 
occupies  the  intervening  area  between  Lake  Timiskaming  and  the 
Montreal  •river,  and  which,  extending  across  this  river,  forms  a  con- 
siderable strip  on  its  southwest  side.  It  also  composes  the  area  to  the 
northwest,  extending  to  the  shores  of  Portage  bay,  on  Bay  lake,  and 
beyond. 

To  the  north  of  this  diabase,  on  Lake  Timiskaming,  the  character- 
istic breccia-conglomerate  again  comes  in.  The  finer  portions  of  the 
matrix  are  composed  of  a  much  hardened  chlorite-slate  or  greywacke", 
while  coarse-grained  varieties  resemble  in  appearance  a  diabase-tuff. 
The  pebbles  are  usually  abundant,  and  some  of  these  resemble  the 
diabase  with  which  this  rock  is  associated.  Other  pebbles  are  of 
quartz,  and  some  are  of  a  dark-grey  compact  felsite  or  greywacke', 
while  a  few  consist  of  a  pale-yellowish,  fine-grained  halleflinta-like 
rock.  Near  a  clearing  on  the  west  shore,  a  little  south  of  Percy 
island,  the  rock  exhibits  a  similar  fine-grained  chloritic  groundmass, 
containing  very  numerous  small  fragments,  chiefly  of  feldspar,  while 
the  rock  itself  as  a  whole  greatly  resembles  a  chloritized  tuff  or  trap 
ash. 

This  is  succeeded  to  the  north  (and  doubtless  in  ascending  order) 
by  a  fine  greenish  compact  slaty  greywackS,  exposed  in  the  vicinity 
of  Farr  creek,  that  continues  beyond  Lawlor's  farm.  For  about  two 
miles  in  the  vicinity  of  Haileybury  the  western  shore  is  occupied  by 
Silurian  strata.  About  two  miles  north  of  Haileybury  the  basal  bed 
of  the  Silurian,  consisting  of  a  coarse  grit  or  conglomerate,  rests 
unconformably  on  the  mammillated  surface  of  the  compact  green 
slate  of  the  Huronian. 

This  slaty  rock,  near  the  junction  between  the  two  formations,  is 
very  much  hardened  and  presents  alternating  bands  of  greenish  and 
brownish  colours,  so  frequently  characteristic  of  the  middle  member 
of  the  Huronian  of  the  district,  and  these  bands  have  a  general  direc- 
tion of  S.  70°  W.  The  shore-line  where  the  rock  outcrops  is  more 
irregular  than  that  to  the  north  or  south,  with  two  small  off-lying 
islets.  About  a  mile  north  of  the  contact  the  slate  passes  into  the 
breccia-conglomerate,  containing  many  pebbles  and  boulders  of  grey- 
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ish  slate,  compact  quartzose  and  halleflinta-like  rocks,  and  pebbles  of 
diabase  of  varying  degrees  of  texture.  The  matrix  in  which  these 
fragments  are  embedded  is,  as  usual,  dark-green  in  colour,  while  the 
whole  mass  of  the  rock  presents  little  or  no  evidence  of  stratification. 
In  general,  however,  it  may  be  stated,  with  some  degree  of  confidence, 
that  the  structure  exhibited  on  the  shore  from  the  contact  to  the 
south  as  far  as  the  diabase  mass  is  that  of  a  shallow  syncline,  the 
breccia-conglomerate  forming  the  basal  beds  with  the  slates  super- 
imposed without  break. 

Where  the  fragments  are  abundant  in  the  conglomerate  there  is 
frequently  present  a  considerable  amount  of  pyrite,  which  in  some 
cases  acts  as  a  sort  of  cement,  enclosing  these  fragments.  The  oxida- 
tion of  this  pyrite  and  its  subsequent  removal  has  left  a  series  of 
rusty  cavities  that  are  rather  characteristic  of  these  outcrops. 

The  last  exposure  that  may  be  mentioned  here  is  one  of  the  breccia- 
conglomerate  which  occurs  on  the  northeast  shore  of  Sutton  bay, 
forming  hills  that  are  rather  conspicuous  and  rise  from  a  somewhat 
extensive  marshy  flat  The  rock  presents  the  usual  dark-green  chlorite 
groundmass.  This  matrix  encloses  larger  pebbles  of  red  and  grey 
granite,  green  diabase  of  several  varieties  and  degrees  of  coarseness, 
and  some  fine-grained  compact  greywacke-  slate,  with  a  few  of  grey 
quartz.  The  larger  fragments,  especially  those  of  granite,  possess 
more  or  less  rounded  outline,  while  most  of  the  smaller  fragments, 
and  especially  those  representing  basic  eruptive  material,  are  decidedly 
sharp  and  angular.  The  rock  is  massive  and  for  the  most  part 
structureless,  but  planes  that  possibly  represent  the  original  bedding 
dip  N.  W.  <  25°. 

BIVER  AND  LAO  DES  QUINZE. 

The  River  des  Quinze  doubtless  received  its  name  from  the  fact 
that  fifteen  portages  have  to  be  made  between  Lake  Timiskaming  and 
Lac  des  Quinze,  but  this  number  may  be  diminished  under  some 
circumstances.  Although  the  stream  presents  considerable  stretches 
of  deep  water  with  little  or  no  current,  it  is,  as  a  whole,  wild  and 
turbulent.  The  river  has  a  general  east  and  west  direction,  and  in  a 
straight  line  is  about  thirteen  miles  long,  although  this  distance  is 
increased  to  eighteen  miles  by  means  of  flexures.  It  enters  the  north- 
eastern corner  of  Lake  Timiskaming  in  a  shallow  indentation  known 
as  Paulson  bay.  With  the  Blanche,  which  reaches  the  lake  a  little 
over  a  mile  farther  west,  it  forms  a  delta  with  low  marshy  islands, 
and  only  two  channels  can  be  utilized  for  purposes  of  navigation. 
The  more  easterly  of  these  two  channels  is  seldom  used  on  account  of 
its  being  extremely  shallow,  while  the  western  or  main  channel  is  of 
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good  depth.  About  half  a  mile  from  the  lake  a  rather  narrow  and 
crooked,  though  deep  and  navigable,  channel  joins  the  Quinze  with 
the  main  portion  of  the  Blanche.  This  is  known  as  the  Chenal  du 
Diable,  and  during  freshets  the  waters  of  the  Blanche  follow  this 
channel  to  the  lake,  but  during  the  summer  months  the  current  in 
this  channel  is  reversed,  and  a  considerable  portion  of  the  waters  of 
the  Quinze  reach  the  lake  by  this  somewhat  circuitous  route. 

The  River  des  Quinze  is  generally  a  little  over  a  mile  wide.  The 
banks,  especially  on  the  northwest  side,  are  low  and  liable  to  inunda- 
tion. The  southeast  bank  is  somewhat  higher  at  Miller  point,  with 
a  hill  of  gravel  and  boulders. 

In  ascending  the  river  the  first  rock-exposure  is  on  some  small 
islets  nearly  opposite  the  North  Timiskaming  P.  O.  (McBride's). 
The  rock  is  the  breccia-conglomerate  of  the  Huronian,  the  matrix 
being  a  very  compact,  fine-grained  material  of  dark  green  colour, 
through  which  are  disseminated  occasional  pebbles  as  well  as  angular 
fragments  of  the  greyish  granitic  rock.  There  is  little  or  no  evidence 
of  stratification.  The  further  ascent  of  the  river  exhibits  a  corres- 
ponding rise  in  the  geological  scale.  The  first  three  rapids  come 
very  close  together  and  are  not  more  than  a  mile  in  all.  The  first 
and  second  rapids  each  show  a  descent  of  about  twelve  feet.  The 
third  has  a  fall  of  about  sixty  feet  and  is  one  of  the  worst  on  the 
river.  The  rock  exposed  nt  the  several  portages  is  a  dark-grey 
micaceous  slate,  the  cleavage  or  foliation  planes,  which  are  the  only 
distinct  structure  exhibited,  showing  abundant  small  black  scales  of 
biotite. 

There  are  many  lighter  coloured  streaks  running  through  the  rock, 
more  or  less  parallel  with  one  another,  which  seem  to  be  composed 
mainly  of  feldspar  and  quartz.  These  occur  in  irregular  curving 
and  often  branching  and  lenticular  areas  giving  a  decided  foliation 
to  the  rock.  They  do  not  appear  to  represent  coarser  and  more 
quartzose  bands  of  the  darker  coloured  slates  with  which  they  are 
associated,  but  are  more  or  less  veinlike  in  structure  and  secondary 
in  their  origin.  The  strike  and  dip  could  not  be  ascertained  with 
any  degree  of  certainty,  but  the  rock,  from  its  lithological  character 
and  apparent  stratigraphical  position,  represents  the  lower  portion 
of  the  slate,  or  middle  member  of  the  Huronian,  overlying  the 
breccia-conglomerate  noticed  as  occurring  near  the  mouth  of  the 
river.  • 

Above  this  third  portage  there  is  an  interval  of  three  miles  of  deep 
unobstructed  navigation  to  the  fourth  rapid,  immediately  above  the 
mouth  of  Tiger  creek,  an  important  tributary  coming  in  from  the 
north  side.   The  rive/  is  here  divided  into  several  channels  by  rocky 
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ftfc  1.  BidtiU" -granite  or  granitite,  near  Cedar  point,  east  side  Lake  Timiskaming  ortlioclase, 
'(Wti,  ijlagiocbuw  and  cldoritized  hiotito.     X  52. 

!•[•■■— ui  >-,  granularim,  and  the  formation  of  inirroclini-  in  arkose.  near  llaie  ties 
f'**-,  Iaki-  Timiskaming     >  52. 

M8,  -Formation  of  microc'ine  ami  moving  a|mrt  of  minerals,  of  arkose  resulting  from  degradation 
"fgraaitit*,  near  llaie  des  Peres,  I^ake  Timiskaming.     ■  52. 

Vm.  4.- DecoruiHisition  of  felds|>ar  (microcline)  in  situ,  forming  arkose,  near  Baie  des  Peres.  Lake 
Tiuu.k»ining.     ■  52. 
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islands,  the  largest  of  which,  Mann  island,  is  nearly  one  and  a  half 
miles  in  length.  The  main  channel  which  runs  to  the  north  of  this 
is  one  long  succession  of  heavy  rapids  with  a  total  fall  of  about 
eighty  feet.  The  portage-route,  about  two  miles  long,  follows  the 
north  bank. 

On  this  portage  the  rocks  met  with  are  dark  greenish-grey  slate, 
much  cleaved  and  jointed  and  probably  dipping  to  the  southeast. 
In  places  they  show  considerable  alteration  and  development  of 
sericite,  the  alteration  being  greatest  near  the  eastern  end  of  the 
portage.  These  slates  continue  to  the  upper  end  of  the  island  where 
they  are  interrupted  by  a  mass  of  uralitic  diabase  and  amphibolite, 
about  three  and  a  half  miles  in  breadth,  which  extends  southward 
and  is  probably  continuous  with  similar  rocks  exposed  in  the  north- 
east corner  of  the  township  of  Duhamel  and  the  eastern  portion  of 
the  township  of  Guigues.  This  rock  is  often  massive,  but  not  with- 
out traces  of  foliation,  and  towards  the  eastern  limit  it  passes  into'  a 
distinct  greyish-green  amphibolite,  in  which  considerable  mica  has 
been  developed.  Under  the  microscope  it  is  found  to  be  compose  1 
chiefly  of  plagioclase  and  hornblende,  and  thus  to  be  classed  with  the 
diorites,  but  it  evidently  was  originally  a  diabase,  as  a  well  marked 
ophitie  strueture  is  still  upparent.  The  augite  originally  present  is 
almost  wholly  converted  into  hornblende,  while  during  this  process 
of  uralitization,  as  is  usual,  a  considerable  quantity  of  epidote  has 
been  developed.  It  is  a  straw-yellow  colour,  exhibits  strong  pleo- 
chroism,  and  has  often  fairly  good  cryatallographic  outlines,  although 
occurring  mostly  in  irregular  grains  and  patches  associated  chiefly 
with  the  hornblende. 

The  process  of  uralitization  h  her«;  very  interesting.  Ihc  augite 
alters  first  into  a  compact  green  trichroic  hornblende.  Whore  it  has 
suffered  most  from  dynamic  action  a  fibrous  variety  of  hornblende 
(actinolite)  has  resulted,  which  has  in  turn  decomposed  into  chlorite 
that  still  preserves  much  of  the  pleochroism  of  the  hornblende.  Be- 
tween crossed  nicols  the  matted  aggregates  of  scales  of  chlorite  show 
collectively  the  deep-blue  polarization-colour  so  often  exhibited  by  it. 
Much  of  the  plagioclase  is  remarkably  fresh  for  such  a  decomposed 
rock,  but  a  great  deal  of  it  shows  a  somewhat  advanced  saussuritiza- 
tion,  the  resulting  epidote,  zoisite  and  sericite  being  especially  abund- 
antly developed  where  the  rock  has  been  most  squeezed.  Hmenite 
occurs  in  aggregates  of  small  grains  which  are  each  surrounded  by  a 
rim  of  leucoxene.  Quartz,  although  present,  is  not  at  all  abundant. 
Where  pressure  has  been  greatest  the  rock  passes  into  a  typical  horn- 
blende-schist or  amphibolite.  The  ophitic  structure  cannot  be  de- 
tected under  the  microscope,  while  pressure  has  caused  the  breaking 
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up  of  the  original  bisilicate  individuals,  so  that  they  are  now  repre- 
sented by  many  small  shreds  and  fragments,  arranged  with  a  more 
or  less  parallel  alignment.  A  great  deal  of  epidote  has  been  develop- 
ed, while  the  ilmenite  originally  present  has  been  almost  converted 
into  a  brownish  sphene,  now  seen  in  irregular  grains  or  aggregates 
of  grains  scattered  through  the  rock.  Associated  with  and  apparently 
caught  up  in  this  eruptive  are  certain  small  patches  of  sericitic  and 
epidotic  slates,  while  on  one  portage  (the  tenth  from  Lake  Timis- 
kaming)  an  interl  ami  nation  of  light  and  dark-grey  quartzite  with 
red  jasper  and  magnetic  iron  ore  occurs,  the  whole  running  parallel 
with  the  foliation  of  the  enclosed  rock,  N.  20°  E.,  and  dipping  N.  70° 
W.<70°. 

Above  Mann  island  the  seventh  portage  from  the  lake  is  merely 
a  lift  over  a  rocky  islet  to  avoid  a  small  rapid  in  the  river.  A  short 
distance  farther  up  the  next  or  eighth  portage  is  reached.  This  is 
but  a  short  carry  across  to  a  small  lake  to  the  northeast  of  the  river 
and  a  short  paddle  across  this  brings  us  to  the  outlet  at  its  east  end. 
Another  short  portage  along  the  bed  of  this  outlet  comes  out  again 
to  the  main  stream.  Above  this  is  a  sharp  turn  in  the  river,  ita 
direction  changing  abruptly  to  a  southeasterly  bearing.  The  canoe- 
route  again  leaves  the  main  stream  below  this  elbow,  a  very  rough 
portage  on  the  southeast  side  leading  to  a  narrow  lake  about  half  a 
mile  in  length.  The  next  portage,  divided  into  two  carrys  by  an 
intervening  pond,  counts  ae  the  eleventh  and  twelfth,  leading  back 
to  the  main  river.  The  route  thus  follows  a  narrow  valley  running 
parallel  to  the  river,  avoiding  a  very  rapid  stretch  of  river,  with  a 
total  fall  of  about  fifty  feet.  The  direction  of  the  river  here  coincides 
with  the  foliation  of  the  hornblende-schists.  The  thirteenth  portage 
is  on  the  east  side  of  the  stream,  and  is  sometimes  called  Cypress 
portage.  It  is  over  half  a  mile  in  length  and  is  occasioned  by  a 
rapid  with  a  fall  of  over  twenty  feet 

Toward  the  head  of  Cypress  portage  the  uralitic  diabase,  largely 
changed  into  a  rather  typical  hornblende-schist,  is  penetrated  by  small 
stringers  composed  chiefly  of  flesh-red  feldspar  and  grey  quartz,  with 
occasional  small  fragments  of  hornblende.  The  connexion  of  these 
small  apophyses  of  granitic  material  with  the  larger  parent  mass  of 
hornblende-granite-gneiss  exposed  farther  east  was  clearly  estab- 
lished, and  these  lenticular  patches  of  quarteo-feldspathic  material 
become  more  abundant  as  the  vicinity  of  the  granite-gneiss  is  ap- 
proached. The  rock  contains  considerable  secondary  biotite,  develop- 
ed chiefly  along  the  planes  of  shearing,  and  this,  in  conjunction  with 
lighter  feldspathic  bands,  produces  a  very  distinctly  foliated  rock, 
The  foliation  dips  westwards  at  a  high  angle,  generally  about  50°. 
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The  same  rock  continues,  with  the  interfoliation  of  lighter  and 
darker  bands,  across  the  fourteenth  or  Maples  portage,  at  the  head  of 
which  the  course  of  the  river  turns  rather  abruptly  to  an  easterly 
direction  while  the  width  is  increased  to  a  quarter  of  a  mile.  The 
dividing  line  between  the  hornblende-schists-gneisses  crosses  this 
lake-like  expansion  obliquely.  Although  the  actual  contact  is  not  ex- 
posed the  two  rocks  are  seen  within  a  very  short  distance  of  one 
another,  both  striking  toward  the  northwest,  while  the  dip  of  the 
foliation  is  to  the  southwest  at  an^  angle  of  about  50°.  The  junction 
between  the  two  fa  evidently  one  of  intrusion,  the  granite-gneiss 
piercing  the  amphibolite  in  the  form  of  the  small  interfoliated  peg- 
matite streaks  and  patches  above  described,  and  it  appears  that  the 
irruption  of  the  hornblende-granite-gneiss  was  the  cause  of  the 
foliation  and  alteration  of  inceptive  diabase,  producing  the  horn- 
blende-schist. 

The  granite-gneiss  just  alluded  to  is  a  reddish,  very  distinctly 
foliated  rock,  the  foliation  being  determined  by  the  more  or  less 
parallel  disposition  of  the  fragments  and  individuals  of  hornblende. 
The  thin  section  shows  the  rock  to  be  composed  essentially  of  ortho- 
clase,  microcline,  hornblende  and  quartz,  with  sphene,  epidote,  zircon 
and  apatite  as  accessory  or  accidental  constituents.  Much  of  the 
orthoclase  occu,rs  as  irregularly  shaped  individuals  or  phenocrysts 
embedded  in  a  finer-grained  mosaic  composed  of  broken  up  frag- 
ments of  feldspar  and  quartz.  These  smaller  fragments  very  often 
assume  the  microcline  habit,  which  is  evidently  the  result  of  pressure. 
The  larger  orthoclase  individuals  show  considerable  alteration, 
especially  in  their  central  portions,  and  although  in  some  cases  they 
exhibit  tolerably  sharp  and  perfect  crystalline  outlines  they  are 
usually  more  or  less  jagged,  owing  to  the  breaking  up  of  their 
borders  to  form  part  of  the  finer-grained  mosaic.  The  hornblende 
is  dark  green,  trichroic,  and  occurs  in  irregular  shreds  and  fragments 
having  a  marked  parallelism.  The  sphene  is  deep  brown  in  colour, 
and  occurs  in  characteristic  wedge-shaped  crystals.  The  epidote  is 
evidently  of  secondary  origin,  and  is  present  in  irregular  grains  and 
masses  of  a  deep  straw-yellow  colour  and  strong  pleochroism.  Zircon 
and  apatite  are  in  small  acicular  prismatic  crystals.  The  reddish 
colour  is  imparted  by  the  presence  of  iron-oxide,  which  fills  the 
cleavage-cracks  of  the  feldspar  as  well  as  the  minute  fissures  present 
in  the  rock  itself. 

This  rock  continues  as  far  as  Lac  des  Quinze,  but  near  the  lake  it 
becomes  coarser  in  texture  and  more  highly  porphyritic,  the  reddish 
crystals  of  orthoclase  being  frequently  as  much  as  half  an  inch  in 
diameter.  The  foliation  is  rather  obscure,  but  on  the  lake  itself  is 
more  evident. 
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The  fall  overcome  by  the  last  or  fifteenth  portage  before  reaching 
the  lake  is  about  ten  feet. 

Lac  des  Quinze  takes  its  name  from  the  river.  The  general  summer 
level  of  this  lake,  as  determined  by  the  mean  of  a  large  number  of 
aneroid  readings,  is  848  feet  above  sea-level.  The  area  of  the  lake  is 
approximately  forty  square  miles.  A  considerable  portion  of  the 
northern  part  of  the  lake  is,  however,  not  represented  on  the  accom- 
panying map.  There  is  a  Hudson's  Bay  trading  post  on  the  lake, 
known  as  Long  point,  while  lumbermen  now  at  work  in  the  country 
near  Lake  Winnowaia  or  Expanse,  a  little  to  the  east  of  the  present 
map-sheet,  have  several  farms  or  clearances,  and  depots  for  supplies. 

The  main  body  of  the  lake  extends  to  the  southeast  from  the  outlet  . 
for  a  distance  of  about  eight  miles,  with  an  average  width  of  a  little 
over  a  mile.  A  second,  generally  about  a  mile  wide,  runs  northward 
for  a  like  distance  from  the  outlet  and  then  divides  into  two  bays, 
which  continue  with  the  same  general  direction  for  about  three  miles 
farther,  the  more  westerly  of  the  bays  being  the  one  followed  in  going 
to  Lake  Abitibi.  About  two  miles  to  the  east  of  the  north  arm  a 
second  narrow  inlet  extends  to  the  north  for  about  three  miles.  From 
the  southeastern  extremity  of  the  main  body  of  the  lake  two  arms 
branch  ofF.  The  larger  one  runs  to  the  northeast  for  about  fifteen 
miles,  gradually  tapering  to  a  point,  where  it  receives  the  Upper 
Ottawa.  The  second  arm  runs  to  the  southward  for  about  five  miles, 
and  at  its  southeasterly  corner  reaches  the  western  terminus  of  the 
road  from  Baie  des  Perea  A  new  road  from  Lake  Timiskaming  to 
Lac  des  Quinze,  to  the  north  of  the  River  des  Quinze,  starts  from 
the  foot  of  the  first  rapids,  but  is  not  yet  completed. 

The  several  arms  of  the  lake  have  all  been  eroded  in  a  direction 
corresponding  with  that  of  the  foliation  of  the  gneissic  rocks,  anji 
evidqntly  represent  the  more  schistose  and  least  resisting  belts  of 
these  rocks.  The  prevailing  rocks  are  grey  granitic  and  dioritic- 
gneisses,  the  latter  containing  usually  a  considerable  proportion  of 
biotite  in  addition  to  the  hornblende,  and  with  an  increase  in  the 
abundance  of  the  bisilicates.  passing  into  an  almost  black,  glistening 
amphibolite,  in  which  the  schistosity  is  always  well  marked.  Quartz 
is  present  in  considerable  quantity,  particularly  in  certain  bands, 
and  epidote  was  also  noticed  as  a  somewhat  abundant  constituent. 
At  several  points  on  the  lake  massive  crystalline  diorite  was  observed. 
The  gneisses  have  a  well  marked  foliated  structure,  the  inclination  of 
this  foliation  varying  from  30°  <  45°  in  a  westerly  or  northwesterly 
direction. 
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Lake  Kipawa. 

The  name  Kipawa  means,  freely  translated,  '  a  very  narrow  pas- 
sage between  steep  rocks,'  and  refers  to  the  presence  of  a  gorge 
in  the  northern  part  of  the  lake,  now  generally  known  as  the 
'Canal.'  The  lake  is  very  irregular  in  form  and  full  of  islands. 
In  general  the  lake  may  be  described  as  filling  several  valleys  ap- 
proximately parallel  to  that  occupied  by  the  southern  portion  of 
Lake  Timiskaming.  The  general  trend  of  these  valleys,  like  that  of 
Timiskaming,  cuts  across  that  of  the  foliation  of  the  gneissic  rocks, 
except  in  those  portions  of  the  southeast  of  Roche  a  Corbeau  and  the 
Beau va  is  narrows,  where  the  main  direction  of  the  lake  corresponds 
rather  closely  with  the  foliation  of  the  adjacent  gneisses.  The  great- 
est length  of  the  lake,  from  Chemagan  bay  on  the  north  ,tb  the  por- 
tage leading  out  of  Jeanbeau  bay  on  the  south,  is  almost  thirty-two 
miles,  on  a  line  bearing  S.  12°  E.  It  may  be  said  to  be  divided  into 
two  main  portions  occupying  an  approximately  parallel  position, 
eaeh,  however,  branching  off  in  bays  and  arms  in  various  directions. 
These  two  larger  portions  are  connected  about  the  centre  by  a  few 
comparatively  narrow  channels.  The  portion  to  the  southwest,  ex*- 
tending  from  the  outlet  at  the  northwest  end  of  Sandy  Portage  bay 
to  Jeanbeau  bay,  measures  twenty-seven  miles  in  a  direction  of  S. 
38°  £.;  while  the  large  body  of  water  to  the  northeast,  reaching  from 
the  northwest  end  of  Taggart  bay  to  the  outlet  of  Hunter  lake,  a 
distance  of  twenty-eight  miles,  has  a  general  trend  of  S.  42°  £.  The 
area  of  Lake  Kipawa,  including  the  islands,  is  nearly  120  square 
miles.  Its  height  above  sea-level  varies  from  876  to  886  feet.  The 
Kipawa  river,  its  natural  outlet,  is  a  crooked  and  rapid  stream 
which  enters  Lake  Timiskaming  a  little  over  six  miles  below  the 
Montreal  river.  The  lumbermen  have,  however,  built  a  dam  across 
the  Kipawa  at  the  northwest  end  of  Sandy  Portage  bay,  thus  raising 
the  water-level  The  rocky  obstructions  between  the  southwestern 
part  of  Lake  Kipawa  and  the  ponds  at  the  headwaters  of  Gordon 
creek  having  been  removed,  a  large  portion  of  the  Kipawa  waters 
now  discharge  by  this  artificial  channel.  In  this  way  the  "  drive  " 
for  logs  is  much  shortened  and  the  water  held  back  until  required. 

The  greater  part  of  the  shore-line  of  the  lake  is  somewhat  high  and 
rocky,  the  surface  being  often  strewn  with  large  boulders,  chiefly  of 
the  underlying  gneissic  rocks. 

There  is  little  level  land,  although  clearances  have  been  made  and 
farms  cultivated  in  connexion  with  lumbering.  Most  of  the  white 
pine  of  first  quality  has  been  cut,  but  the  shores  are  still  beautifully 
wooded. 
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Of  the  very  numerous  islands  AlcKenzie  and  Karl  islands  are  the 
largest,  the  former  being  a  little  over  five  miles  in  length  and  averag- 
ing about  two  miles  in  breadth,  while  the  latter  is  scarcely  half  this 
size,  measuring  a  little  over  two  miles  in  length  by  about  a  mile  and 
a  half  in  width. 

The  "  Canal,"  already  mentioned  as  giving  its  name  to  the  lake,  is 
a  picturesque  feature,  being  a  narrow  gorge  about  a  quarter  of  a  mile 
long  with  perpendicular  walla  of  gneiss,  situated  about  a  mile  north- 
west of  Mackenzie  island,  and  it  leads  into  a  couple  of  small  lakelets 
or  expansions. 

The  rocks  so  abundantly  exposed  along  the  shores  and  islands  of 
Lake  Kipawa  are  remarkably  uniform  in  composition  and  macro- 
scopical  characters.  They  are  typical  examples  of  "gneisses,"  being, 
as  a  rule,  very  distinctly  and  evenly  foliated,  and  exhibiting  darker 
and  lighter-coloured  bands  of  more  or  less  basio  character.  The 
more  acid  bands  are  usually  of  greyish,  reddish  grey  or  flesh-red 
colour ;  while  the  more  basic  bands  are  of  varying  shades  of  darker 
grey,  becoming  almost  black  in  certain  instances.  The  lighter- 
coloured  phases  are,  perhaps,  the  most  abundantly  represented,  and 
"besides  occurring  as  interfoliated  bands  associated  with  more  basic 
material,  these  in  themselves  constitute  the  greater  portion  of  some- 
what important  and  extensive  rock-masses.  Under  the  microscope 
they  are  seen  to  contain  orthoclase  as  the  prevailing  feldspathic  con- 
si  tuent,  and  biotite  as  the  principal  and  often  the  only  ferromag- 
nesian  mineral.  They  must,  therefore,  be  referred  to  as  biotite- 
granite  or  granitite- gneiss.  Besides  these  microoline  is  usually 
abundant,  together  with  some  plngioclase  (usually  oligoclase).  A 
large  amount  of  quartz  likewise  accompanies  the  feldspar.  The 
biotite  is,  as  a  rule,  fresh  and  of  a  deep  brown  colour,  occasionally 
showing  alteration  to  chlorite.  A  little  musoovite  (most  of  which 
is  of  secondary  origin),  sometimes  occurs,  but  not  in  sufficient  quan- 
tity to  characterize  the  rock.  Besides  these,  smaller  quantities  of 
epidote,  sphene,  sericite,  chlorite,  apatite,  zircon,  magnetite,  and 
sometimes  allanite,  are  usually  present. 

Occasionally  somewhat  darker  and  more  basic  portions  are  seen  to 
contain  a  compact  dark-green  trichroic  hornblende  in  addition  to  the 
biotite,  the  rock  thus  becoming  a  hornblende-granitite-gneiss.  These 
portions  are  usually  of  a  dark-grey  colour,  and  show  a  very  marked 
abundance  of  the  coloured  constituents. 

The  very  dark-grey,  almost  black  varieties,  in  which  but  little  of 
the  lighter-coloured  minerals  can  be  macroecopically  detected,  often 
show  plagioclase  as  the  prevailing  feldspar,  while  biotite  is  replaced 
by  hornblende,  the  principal    ferromagneaian  mineral,  although 
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biotite  is  likewise  almost  invariably  present.  The  constituent  min- 
erals are  essentially  the  same  as  those  present  in  the  more  acidic 
phases,  differing  only  in  their  relative  proportions. 

The  structural  relations  of  these  rocks  show  that  they  form  integral 
and  inseparable  portions  of  one  complex,  produced  by  differentiation 
during  the  slow  cooling  of  a  magma  of  more  or  less  heterogeneous 
composition. 

At  the  head  of  Gordon  creek,  and  in  the  vicinity  of  Kipawa  post- 
office,  (formerly  Norcliffe),  the  gneiss  is  very  distinctly  foliated,  the 
strike  being  about  S.  55°  E.,  the  dip  S.W.<  10°  to  20°.  The  thick 
massive  bands  in  the  high  bluff  to  the  north  of  the  railway  terminus, 
representing  the  more  acid  portions  of  the  rock,  are  granitic  both  in 
appearance  and  composition.  Feldspars,  both  reddish  and  greyish, 
are  present  as  well  as  quartz,  and  a  very  sparing  quantity  of  mica. 
The  quartz,  besides  being  present  in  grains  and  areas  distributed 
throughout  the  rock,  also  occurs  as  veins  and  masses*,  evidently  repre- 
senting the  most  acid  form  of  the  prevailing  pegmatite. 

On  the  northeast  shore  of  the  largest  island  of  the  group,  situated 
about  a  mile  east  of  Kipawa  post-office,  are  good  exposures  of  light- 
grey  and  pinkish-grey  quartzo-feldspathic  gneiss,  alternating  with 
darker  bands  which  contain  hornblende  in  addition  to  the  more  usual 
biotite.  The  strike  is  east-and-west,  with  dip  to  the  south<35°  to 
45s.  Along  the  shore  the  basic  bands  have  been  weathered  out  more 
easily  than  the  acid  ones. 

Farther  to  the  southeast,  toward  Jeanbeau  bay,  the  gneiss  varies 
in  strike  from  8.  50°  E.  to  S.  60°  E.  with  a  dip  to  the  northeast 
<20°  to  30°.  North  of  Gordon  creek  the  foliation  of  the  gneiss 
corresponds  rather  closely  with  the  trend  of  the  shore-line,  dipping  to 
the  northeast  at  varying  angles.  At  Greenorton  bay  the  schistose 
gneiss  is  very  basic  and  contains  hornblende  in  addition  to  the  biotite. 
This  rock  also  holds  garnets  and  vein-like  bands  of  smoky  quartz. 
At  the  foot  of  Gibson  bay  the  gneiss  is  of  the  common  light-greyish 
granitite  variety.  On  the  south  shore  of  Bryson  island  there  are 
good  exposures  of  a  light-grey  granitite-gneiss,  the  foliation  being 
much  contorted. 

Beauvais  narrows  cuts  the  foliation  of  the  gneiss  at  a  considerable 
angle,  the  strike  being  S.  65°  E.  with  a  dip  to  the  northeast<  15°  to 
25°.  On  the  south  shore  of  Smith  bay  exposures  of  hornblende 
granitite-gneiss  show  the  constituent  feldspar  much  decomposed  and 
a  large  part  of  the  biotite  altered  to  chlorite.  At  Fowler  point  a 
knoll  rising  about  forty  feet  above  the  surface  of  the  lake  is  com* 
posed  of  a  fine-grained  almost  black  quartz-mica-diorite.  This  rock 
contains  irregular  patches  and  stripes  of  a  much  more  acidic  gneiss, 
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light  flesh-red  in  colour,  which  seems  to  contain  feldspar,  quartz, 
biotite  and  garnet,  with  occasionally  some  muscovite  and  epidote. 
Near  Edward  depot,  on  the  north  shore  of  Smith  bay,  the  granitite- 
gneiss  is  as  a  rule  very  acidic,  containing  only  small  quantities  of 
biotite.  At  Somerville  point  the  gneiss  is  a  reddish  granitite  much 
weathered  find  showing  what  appeared  to  be  a  very  local  strike  of  N. 
40°  E.  The  southwest  shore  of  the  lake  opposite  Sunnyside  post- 
office  is  composed  of  reddish  granitite-gneiss,  generally  striking  with 
the  trend  of  the  shore,  but  sometimes  showing  many  local  twistings. 
At  Turtle  portage  the  usual  granitite-gneiss  shows  a  beautiful  curve 
in  the  foliation,  the  strike  gradually  turning  from  N.  80°  E.  to  S. 
60°  E.,  with  a  prevailing  southerly  dip.  At  Hunter  Lodpe  narrows 
and  on  Hunter  lake  the  gneiss  strikes  about  S.  60°  E.,  dipping  in  a 
southerly  direction. 

Along  the  south  shore  of  McLaren  bay  the  gneiss  is  usually  of  a 
light-grey  colour,  rather  fine-grained,  micaceous  and  granitic  in 
appearance,  being  tinged  with  iron-oxide.  It  usually  shows  a  distinct 
though  imperfect  foliation  on  account  of  the  comparative  scarcity  of 
bisilicate  material  The  strike  is  N.  82°  E.  and  the  dip  to  the  south. 
Microscopically  this  is  a  typical  holo-crystalline  granitic  rock  or 
granitite-gneiss,  consisting  essentially  of  orthoclase,  quartz  and 
biotite,  with  apatite-zircon,  sphene,  a  very  little  magnetite,  much 
microcline  and  some  plagio^lase,  (oligoclase)  small  quantities  of 
secondary  muscovite  and  epidote  are  also  present. 

At  the  south  end  of  an  island  immediately  east  of  McKenzie 
island  there  are  exposures  of  the  ordinary  flesh-red  granitite-gneiss. 
On  the  northwest  shore  of  McKenzie  island  the  hornblende-granitite- 
gneiss  seems  to  change  in  strike  from  N.  20°  E.  to  N.  50°  E.,  thus 
conforming  with  the  trend  of  the  shore-line,  while  the  dip  is  to  the 
southeast  at  varying  angles  generally  about  60°.  At  one  point  a 
vein  of  quartz  (pegmatite)  varying  in  width  from  six  inches  to  two 
feet  cuts  the  gneiss,  of  which  it  contains  fragments.  The  gneiss 
here  is  well  foliated  and  often  locally  twisted.  The  gneiss  composing 
the  cliffs  on  either  side  of  the  "  Canal "  contains  a  considerable  quan- 
tity of  quartz  and  i9  much  weathered  and  stained.  It  has  a  strike 
of  N.  65°  E.  with  southerly  dip<  80°.  At  the  south  end  of  Camp- 
bell bay  the  strike  of  the  gneiss  is  north  62°  east.  A  thin  section 
of  a  specimen  obtained  from  the  western  shore,  about  two  miles  south 
of  the  entrance,  representing  the  most  basic  bands,  showed  the  rock 
to  be  a  quartz-mica-diorite-gneiss.  The  rock  is  nearly  black,  very 
evenly  and  distinctly  foliated  and  exhibits  glistening  cleavage-sur- 
faces along  the  planes  of  foliation.  Exceptional  bands  are  of  light 
pinkish-grey  colour,   feldspar  being  the    predominant  constituents. 
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Microscopically,  this  rock  is  composed  of  plagioclase,  orthoclaae, 
microline,  quartz,  hornblende  and  biotite,  with  epidote,  sphene, 
apatite,  zircon  and  some  pyrite,  moTe  or  less  altered  to  limonite, 

On  the  west  shore  of  Karl  island,  as  well  as  on  the  island  lying  to 
the  southwest,  the  gneiss  shows  the  usual  variation  from  greyish  to 
reddish,  with  interfoliated  darker  bands  in  which  the  biotite  is  more 
abundant.  The  strikes  vary  from  N.  64w  E.  to  N.  67°  E.,  with  dap 
to  the  south  <  60°  to  70°. 

At  one  place  on  the  north  shore  of  the  lake,  half  a  mile  north  of 
the  northeast  point  of  Karl  island,  a  very  massive  and  coarsely 
crystalline  porphyritic  diorite  is  associated  with  the  ordinary  greyish 
granitite-gneiss.  This  rock  is  of  a  dark-green  colour  when  fresh,  but 
near  the  surface  is  decomposed  for  a  depth  of  nearly  two  inches,  the 
decomposed  layers  being  much  lighter  in  colour.  Large  phenocrysts 
of  deep-green  hornblende,  some  of  which  are  an  inch  or  more  across, 
and  most  of  which  possess  tolerably  well  defined  crystalline  outlines, 
nre  developed  in  a  coarse-grained  groundmass  composed  almost 
wholly  of  allotriomorphic  individuals  of  dark-green  trichroic  horn- 
blende, the  small  and  irregular  interspaces  being  filled  with  feldspar 
and  qnirtz.  Much  of  the  hornblende  includes  dark  schillerization 
products.  The  decomposed  layer  near  the  surface  shows  the  some- 
what abundant  development  of  epidote  at  the  expense  of  the  horn- 
blende, giving  the  prevailing  yellowish-green  colour  to  this  portion 
of  the  rock.  The  whole  exposure  measures  about  fifteen  yards  long 
by  twenty-five  yards  wide  and  is  surrounded  by  the  greyish  granitite- 
gneiss,  while  several  dikes  of  pegmatite  varying  from  a  quarter  of  an 
inch  to  six  inches  in  width  cut  the  diorite. 

In  the  northern  portions  of  Hay  bay  the  prevailing  rock  is  the 
ordinary  granitite-gneiss,  tlhe  strike  of  which  varies  from  N.  60°  E. 
t>  X.  70°  E. 

The  rock  exposed  on  the  shores  and  islands  of  the  bay  running- 
towards  the  outlet,  the  northwestern  portion  of  which  is  generally 
known  as  Sandy  Portage  bay,  is  the  usual  reddish  and  greyish  bio- 
tite-granite-gneiss  or  granitite-'cneiss  .  The  strike  varies  in  general 
from  X.  50°  E.  to  N.  60°  E.,  while  the  dip  is  to  the  northwest  at  high 
angles,  generally  varying  from  65°  to  85°.  Near  the  outlet  the 
rtrike  turns  more  to  the  north,  the  foliation  in  this  vicinity  runn:ng 
about  N.  40°  E.,  while  the  bands  are  nearly  if  not  quite  vertical.  At 
one  or  two  points  extremely  basic  portions  of  the  gneiss  were  seen  to 
be  highly  hornblendic,  thus  passing  into  quartz-mica-diorite. 
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Mattawa  RIVER. 

The  term  Mattawa  was  first  applied  to  the  confluence  of  this  river 
with  the  Ottawa.  The  river  has  also  been  known  as  the  Petite  or 
Little  river,  while  to  the  Indians  it  was  formerly  known  as  the 
Tessouacsipi.  It  is  really  a  succession  of  large  deep  lakes  united  by 
comparatively  narrow  and  shallow  rocky  stretches.  The  total  dis- 
tance from  the  Ottawa  to  the  western  end  of  Trout  lake,  in  a  straight 
line,  is  about  thirty-six  miles,  but  following  the  river  this  is  increased 
to  forty  miles.  The  direction  is  in  general  nearly'  east-and-wesrt, 
following  a  continuation  of  the  main  valley  occupied  by  the  Ottawa 
below  the  confluence  of  the  two  streams.  In  ascending  the  Mattawa 
rapid  water  is  encountered  almost  at  once,  the  stream  flowing  over  a 
shallow  bouldery  bed.  This,  together  with  a  small  rapid,  a  little 
over  a  mile  above  at  the  outlet  of  Boom  lake,  gives  a  fall  in  the  river 
of  about  two  feet. 

Boom  lake,  the  first  expansion  reached,  is  about  a  mile  and  a 
quarter  long,  and  not  over  a  quarter  of  a  mile  at  its  greatest  width. 
At  the  upper  end  of  this  lake  the  river  is  contracted  in  two  places  to 
a  width  of  less  than  a  hundred  feet  and  a  fall  of  nearly  twenty  feet  is 
occasioned  by  the  Plein  Chant  rapids.  Plein  Chant  lake,  at  the  head 
of  these  rapids,  is  five  and  a  half  miles  in  length.  The  widest  portion 
is  near  the  eastern  end,  where  it  is  about  thirty  chains,  but  this 
gradually  diminishes  westward,  until,  near  the  upper  end,  it  is  not 
more  than  three  or  four  chains  wide.  In  the  widest  portion  a  depth  of 
over  two  hundred  and  eighty  feet  was  found. 

Between  this  lake  and  Lac  des  Aiguilles,  the  next  expansion,  the 
distance  is  a  little  over  two  miles,  and  four  rapids  intervene,  with 
alternating  stretches  of  still  water;  the  combined  fall  is  eighteen 
feet.  The  three  largest  rapids  are  known  in  ascending  order  as  Lee 
Epines,  La  Rose  and  Des  Roches  or  Des  Aiguilles.  The  Amable*  du 
Fond  river,  the  largest  tributary  of  the  Mattawa,  enters  from  the 
south  side  a  short  distance  above  the  second  rapid.  Lac  des  Aiguil- 
les, which  is  a  little  over  a  mile  long  and  a  quarter  of  a  mile  wide, 
is  separated  from  the  next  succeeding  stretch  of  river,  lying  parallel 
to  it  on  the  north  side,  by  a  rocky  bar  known  as  Les  Aiguilles  islands. 
The  three  narrow  rocky  channels  formed  by  these  two  islands,  even 
at  high  water,  barely  afford  a  passage  to  loaded  canoes.  The  eastern 
one  constitutes  the  main  route,  and  a  small  rapid  at  this  point  shows 
a  descent  of  a  few  inches.  Above  this  is  a  long  stretch  of  deep  water 
that  gradually  diminishes  in  width.  The  river  throughout  this  dis- 
tance of  two  and  a  half  miles  is  flanked  on  either  side  by  almost  per- 
pendicular walk  of  gneissic  granite. 
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At  the  end  of  this  stretch  the  upward  course  of  the  river  changes 
sharply  to  a  southerly  direction  for  about  two  miles,  and  presents  a 
series  of  rapids  with  intervals  of  deep  water,  the  total  fall  being* 
fifty-five  feet.  The  Chute  des  Paresseux,  where  the  water  falls  thirty- 
four  feet,  is  the  first  and  largest  of  this  series.  Pimisi  or  Eel  lake, 
(sometimes  also  called  Penice  bay  and  Moon  lake),  above  these  rapids, 
marks  another  change  in  the  course  of  the  stream,  which  from  this 
place  to  the  head  of  Talon  lake  trends  northwesterly.  Between 
Eel  lake  and  Talon  chute  the  river  flows  for  three-quarters  of  a 
mile  through  a  narrow  rocky  canon  enclosed  between  perpendicular 
walls  of  granite.  Talon  chute  is  the  greatest  single  fall  on  the  whole 
river,  the  water  descending  forty-three  feet  over  a  rocky  ledge  com- 
posed of  massive  flesh-red  gneissoid  granite.  The  main  channel  is 
on  the  north  side,  but  in  addition  there  is  another  though  much 
smaller  parallel  passage.  The  downward  extension  of  this  passage 
is  continued  in  a  deep  gorge  which  connects  with  the  main  channel 
a  short  distance  below  the  falls,  the  whole  apparently  representing 
the  erosion  of  a  band  of  crystalline  limestone  that  here  occurs.  About 
half  a  mile  below  Talon  chute  a  small  rapid  occurs  with  a  descent  of 
less  than  a  foot,  and  a  short  d' stance  above  it  is  Tajon  lake.  To  the 
left,  on  entering  the  lake,  a  large  bay  runs  westward  for  about  three 
miles,  Kabiskaw  bay,  at  the  western  extremity  of  which  an  important 
tributary  (Kabiskaw  creek)  enters,  forming  the  outlet  of  Nasbonsing 
lake,  a  large  and  irregular  sheet  of  water  situated  in  the  southern 
part  of  the  township  of  Ferris. 

Talon  lake  lies  northwest  and  southeast,  is  about  seven  miles  long 
and  has  in  general  a  breadth  of  almost  three-quarters  of  a  mile.  The 
shores  are  generally  bold  and  rocky,  although  occasional  small  sandy 
flats  occur.  The  general  depth  may  be  said  to  vary  from  fifty  to  one 
hundred  feet,  but  in  occasional  spots  a  depth  of  two  hundred  feet  and 
over  was  met  with. 

The  connecting  stream  between  Talon  and  Turtle  or  Lower  Trout 
lake,  the  next  expansion  in  the  river,  is  about  four  miles.  The  stream 
leaves  Turtle  lake  about  a  mile  from  the  eastern  extremity.  It  is 
shallow,  rocky  and  rapid  with  some  small  intervening  ponds  of  deeper 
water.  Turtle  lake  lies  nearly  east  and  west  and  is  about  four  and  a 
half  miles  in  length  and  not  more  than  half  a  mile  in  width.  Thence 
an  ascent  of  barely  a  foot  occurs,  in  a  short  channel,  to  Trout  lake,  at 
the  summit.  This  is  eight  and  a  half  miles  in  length  with  a  greatest 
breadth,  near  the  upper  end,  of  about  two  miles.  It  is  often  over  200 
feet  deep,  and  the  shores  are  rough  and  rocky.  To  the  north  of  the 
lake  a  range  of  hills  from  three  to  four  hundred  feet  high  extends 
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with  almost  unbroken  continuity  to  the  mouth  of  the  Mattawa  river 
and  thence  northward  and  northwestward  up  the  valley  of  the 
Ottawa. 

The  extreme  west  end  of  Trout  la^e  is  only  about  three  miles  dis- 
tant from  Lake  Nipissing.  and  the  neck  of  land  separating-  the  two 
lakes  is  in  general  very  level.  The  canoe-route  usually  followed  to 
Lake  Nipissing  leaves  Trout  lake  in  a  bay  running  to  the  south  near 
its  western  end.  The  first  portage  runs  over  a  ridge  of  sand.  The 
Riviere  de  la  Vase  is  then  utilized  all  the  way  to  Lake  Nipissing,  a 
distance  of  a  little  over  six  and  a  half  miles.  This  small  stream 
runs  through  low  and  often  marshy  ground  most  of  the  way,  entering 
Lake  Nipissing  about  six  miles  southeast  of  North  Bay. 

The  land  in  the  immediate  neighbourhood  of  the  Mattawa  river 
is  generally  rocky,  barren  and  unfit  for  agriculture.  A  short  distance 
from  this  river,  however,  in  the  townships  of  Papineau,  Calvin, 
Bainfield  and  Ferris,  considerable  areas  have  been  cleared,  and  good 
progress  has  already  been  made  in  the  settlement  of  these  townships. 

The  rocks  exposed  along  the  Mattawa  are  for  the  most  part  massive 
reddish  granitite-gneisses,  the  strike  of  the  foliation  running  in  a 
series  of  widely  undulating  curves  in  a  general  east  and  west  direc- 
tion with  a  prevailing  southerly  dip  <  35°  to  65°.  Crystalline  lime- 
stone is  very  sparingly  present  in  assocation  with  these  gneissic 
rocks,  and  wherever  noticed  the  evidence  seems  to  show  that  it  has 
been  caught  up  in  the  gneiss  during  the  irruption  of  the  latter.  On 
the  south  shore  of  Talon  lake,  as  well  as  in  the  southern  channel  at 
the  falls,  at  the  outlet  of  this  lake,  the  crystalline  limestone  was 
found  in  association  with  a  very  massive  indistinctly  foliated  grani- 
tite-gneiss,  the  intrusion  and  latter  age  of  the  latter  being  apparently 
clear.  Near  the  western  end  of  Nasbonsing  lake  the  rock  is  a  light- 
reddish  granite-gneiss  composed  Chiefly  of  feldspar,  with  a  small 
proportion  of  greyish  quartz  and  a  little  black  mica  occuring  in 
isolated  areas  of  aggregated  scales,  together  with  numerous  small 
garnets.  The  strike  is  to  the  northwest  with  a  dip  to  the  southwest, 
generally  at  a  high  angle.  Near  the  eastern  end  of  the  lake  the 
gneissic  rocks  present  are  more  highly  differentiated  and  occur  in 
irregular  curving  bands  which  have  a  general  strike  curving  gradu- 
ally around  from  east  to  northeast. 

On  Trout  lake  the  granitite-gneiss  occurs  in  reddish  and  dark- 
coloured  bands  which  have  a  prevailing  direction  of  nearly  east  and 
west,  gradually  bending  round  to  the  northwest  in  the  western  part 
of  the  lake,  while  the  dip  is  to  the  south  <  46°  to  65°. 
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Lake  Nipissino. 

This  important  lake  has  an  area  of  345  square  miles,  and  is  wholly 
surrounded  by  Laurentian  rocks.  Its  main  length  is  east  and  west, 
and  its  greatest  length,  from  the  shore  at  East  bay,  near  Callander 
station  to  the  western  end  of  Bear  bay  (west  arm),  is  sixty  miles; 
while  the  greatest  width,  from  Beaucage  bay  on  the  north  to  the 
mouth  of  the  South  river,  is  sixteen  miles.  The  elevation  above  sea 
level,  at  different  seasons,  varies  from  642-2  to  649-5  feet.  The 
northern  and  eastern  shores  are  in  general  low  and  for  the  most  part 
present  sweeping  beaches  of  sand,  separated  by  rounded  points  of 
rock.  The  water,  for  a  considerable  distance  from  the  shore,  is 
shallow.  The  west  end  of  the  lake  has  an  irregular  coast  line  with 
long  arms  and  bays  extending,  and  rocky  islands.  A  great  number  of 
these  islands  atrew  the  more  open  water  outside,  running  in  long 
lines,  more  or  less  parallel  in  direction  with  the  peninsulas  or  points 
which  divide  the  bays  from  one  another.  The  islands,  generally 
small,  are  sometimes  several  miles  in  extent.  The  southern  shores 
are  bold  and  rocky  and  the  water  is  deep  even  in  their  immediate 
vicinity.  The  whole  of  the  eastern  end  of  the  lake  is  wide  and  ex- 
posed, containing  only  two  small  groups  of  islands  known  as  the 
Manitou  and  Goose  islands. 

The  western  end  of  the  lake  consists  of  four  principal  bays  or 
arms,  separated  from  one  another  by  rocky  promontories,  their  con- 
tinuation towards  the  deeper  water  in  the  central  portion  of  the  lake 
being  marked  by  the  occurrence  of  long  lines  of  islands  and  reefs. 
The  most  northerly  inlet,  McLeod  or  Goulais  bay,  has  an  almost 
direct  north  and  south  trend.  Tt  is  about  four  miles  in  length  by 
nearly  two  in  breadth  and  lies  immediately  west  of  the  marshy  delta 
of  Sturgeon  river.  The  water  in  this  bay  is  very  shallow.  A  rather 
narrow  and  crooked  channel,  however,  exists  near  the  eastern  shore, 
but  is  navigable  only  for  very  small  steamers  or  tugs.  Immediately 
southwest  of  this  bay,  and  separated  from  it  by  the  rocky  peninsula 
ending  in  Goulais  point,  is  another  arm  of  the  lake,  divided  to  the 
west  into  two  subsidiary  bays,  known  as  Northwest  bay  and  Mid- 
dle West  bay  respectively.  Northwest  bay  is  over  four  miles 
in  length,  with  a  width  rarely  exceeding  a  quarter  of  a  mile,  and 
having  the  general  direction  indicated  by  its  name.  Gradually  taper- 
ing westwards  it  receives  a  small  stream  that  drains  some  marshy 
lakes  situated  in  the  northwestern  part  of  the  township  of  Macpher- 
son.  Middle  West  bay  is  much  less  important,  being  only  about 
two  miles  in  length,  and  at  the  west  end  receives  a  small  tributary 
known  as  West  river,  that  drains  the  southern  part  of  the  township 
of  Macpherson. 
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Of  the  indentations  extending  to  the  west,  however,  the  largest  is 
known  as  the  West  arm  or  Bear  bay.  The  general  trend  of  this 
extension  is  nearly  east  and  west  An  inspection  of  the  accompany- 
ing map  will  convey  a  good  idea  of  the  close  dependence  of  topo- 
graphical outline  on  the  strike  of  the  foliation  of  the  enclosing 
gneissic  rocks.  In  many  instances  abrupt  changes  in  direction  are 
encountered,  but  these  follow  correspondingly  sharp  curves  in  the 
lines  of  foliation  and  cleavage.  The  width  of  the  bay  is  very  vari- 
able, alternately  contracting  into  narrow  straits  only  a  few  chains  in 
width  and  opening  again  into  wide  expanses  generally  crowded  with 
islands.  In  the  eastern  portion,  for  a  distance  of  nearly  eight  miles, 
the  average  width  is  nearly  two  miles.  The  bay  gradually  narrows 
towards  the  west  end  where  it  receives  the  waters  of  a  small  stream, 
draining  several  important  expansions  to  the  west. 

Several  important  streams  enter  Lake  Nipissing.  The  largest  is 
the  Sturgeon  river,  draining  about  3,000  square  miles  of  country  to 
the  north  and  west,  and  joining  the  lake  in  the  midst  of  a  large 
marsh  on  the  north  side.  This  low  tract  of  land,  forming  a  delta, 
has  been  produced  by  the  gradual  accumulation  of  detritus  brought 
down  by  the  stream. 

The  Little  Sturgeon,  or  Silver  river,  enters  the  Great  North  bay 
with  a  swift  and  deep  current,  being  navigable  for  canoes,  without 
interruption,  for  a  distance  of  a  littje  over  two  miles  from  the  lake, 
where  the  stream  becomes  very  small  and  rapids  occur.  The  general 
course  is  at  first  nearly  north,  and  the  upper  course  is  nearly  north- 
east, to  its  sources  in  the  southern  part  of  the  township  of  Blyth. 
Duchesney  and  Chippewa  creeks  enter  the  lake  in  the  vicinity  of 
North  Bay.  The  Riviere  de  la  Vase,  or  Little  Mattawa,  flows  into  the 
lake  about  five  miles  southeast  of  North  Bay.  Other  important 
tributaries  enter  the  lake  from  the  south,  but  these  are  beyond  the 
boundaries  of  the  present  map.  The  Veuve  river  is  an  important 
stream  which  enters  the  west  side  of  McLeod  bay,  draining  a  large 
tract  of  land,  the  sources  extending  westward  almost  to  the  Wana- 
pitei  river. 

Several  important  islands  and  groups  of  islands  occur,  lying  out 
towards  the  middle  of  the  wide  eastern  portion  of  the  lake.  The 
most  important  of  these  is  the  group  named  the  Manitou  islands. 
These  are  five  in  number,  situated  five  miles  southwest  of  North 
Bay.  The  largest  is  known  as  the  Great  Manitou  or  Newman  island. 
It  is  an  irregular  triangle  in  form  and  about  a  mile  across.  Mc- 
Donald island,  the  next  in  size,  is  about  half  a  mile  in  length  from 
north  to  south  but  only  a  few  chains  in  width.  The  other  three 
islands  are  much  smaller. 


Digitized  by  Google 


li*r!ow] 


LAKE  NIPISSINO 


215i 


The  Goose  islands  lie  toward  the  centre  of  the  open  part  of  the 
lake,  about  six  miles  west  of  the  Manitou  islands,  and  about  twelve 
miles  west-southwest  of  North  Bay.  The  largest  island  is  known  as 
the  Great  Goose,  and  is  nearly  a  mile  long  with  a  trend  of  east  and 
west.  To  the  west  and  northwest  of  these  there  are  about  a  dozen 
smaller  ones,  some  of  which  are  merely  rounded  hummocks  of  rock. 

The  general  aspect  of  the  western  end  of  Lake  Nipissing  is  rocky 
and  desolate.  In  many  cases  the  sparse  soil  overlying  the  rarely 
concealed  hummocks  of  rocks  affords  substance  to  a  rather  thin  and 
scrubby  growth  of  red  pine,  while  the  level  spots  are  for  the  most 
part  occupied  by  vast  marshes,  but  some  small  tracts  of  level  land 
occur  along  the  banks  of  some  of  the  tributaries,  notably  the  one 
situated  on  the  south  side  of  Bear  bay  near  its  entrance.  The 
northern  shores  of  the  lake,  however,  border  large  areas  of  cultivable 
land.  The  rocks  are  generally  well  exposed,  especially  in  the  western 
and  southern  portions  of  the  lake.  They  include  the  prevailing 
varieties  of  granitite-gneiss  and  hornblende-granitite-gneiss,  the 
former  being  the  prevailing  type.  These  are  cut  by  dikes  and  masses 
of  pegmatite  presenting  the  usual  characteristics. 

The  Manitou  islands  are  composed  of  a  rock  which  is  remarkably 
uniform  in  composition  and  appearance,  being  a  medium-textured 
reddish  gneiss,  that  has  evidently  been  subjected  to  intense  dynamic 
action.  It  has  a  rather  indistinct  blotchy  appearance,  due  to  irre- 
gular bands  of  chloritic  and  epidotic  material  running  through  it, 
resulting  from  the  alteration  of  the  bisilicates.  The  microscope 
shows  that  the  rock  has  everywhere  been  greatly  granulated.  Its 
chief  constituents  are  quartz,  orthoclase,  plagioclase,  hornblende  and 
biotite,  with  epidote,  chlorite,  calcite,  sericite,  iron  ore  and  apatite. 
It  is  thus  a  hornblende-granite-gneiss  which  has  suffered  great 
alteration,  the  feldspar  being  turbid  and  full  of  inclusions  of  sericite, 
calcite,  &c.t  resulting  from  its  decomposition.  Numerous  irregular 
patches  of  calcite  are  scattered  through  the  section.  Both  feldspar 
and  quartz  extinguish  very  unevenly.  Hornblende  is  the  most 
abundant  ferromagnesian  mineral  present,  but  it  has  suffered  such 
extreme  alteration  to  chlorite  and  epidote  as  to  mask  its  true  char- 
acters. Biotite,  largely  altered  to  chlorite,  occurs  intergrown  with 
the  hornblende.  The  section  is  traversed  by  numerous  cracks  filled 
in  with  secondary  quartz,  epidote,  iron  oxides,  &c. 

On  several  of  the  islands  this  rock,  which  has  evidently  resulted 
from  the  crushing  of  a  hornblende-granite,  contains  large  patches  of 
pinkish  crystalline  limestone;  the  latter,  however,  doubtless  repre- 
sents portions  of  the  clastic  Grenville  series.  The  gneiss ic  rocks  are 
intersected  by  dark-greenish  dikes  of  basic  material  previously  des- 


Digitized  by  Google 


216i 


NIPISSING  AND  TIMISKAMING  REGION 


cribed  in  that  portion  of  the  report  treating  of  Post-Archaean  erup- 
tivee.  On  several  islands  small  outliers  of  the  Birds  Eye  and  Black 
River  formations  are  exposed,  as  elsewhere  noted. 

Rock  exposures  are  abundant  on  the  Goose  islands,  showing  a 
medium-grained  red  granitic  gneiss.  The  foliation  is  determined  by 
the  parallel  arrangement  of  the  little  bands  of  biotite.  The  principal 
constituents  are  quartz,  orthoclase,  plagioclase,  microcline  and  biotite, 
with  small  quantities  of  apatite,  zircon,  chlorite,  epidote,  sphene, 
calcite  and  secondary  iron  ore.  It  is  one  of  the  typical  biotite- 
gneisses  or  granitite-gneisses  of  the  region,  evidently  resulting  from 
crushing  and  differentiation  of  a  granitite.  The  feldspars  are  exceed- 
ingly turbid,  being  filled  with  dust-like  particles  and  contrasting 
sharply  with  the  clear  quartz  grains.  Orthoclase  predominates,  but 
plagioclasu  (albite)  is  very  abundant.  Most  of  the  microcline  grains 
observed  exhibit  a  moirS-structure  rather  than  the  typical  rectangu- 
lar lattice  structure.  The  biotite  shows  alteration  to  chlorite  with 
development  of  secondary  magnetite  along  the  cleavage-planes. 
Apatite  and  zircon  are  both  abundant  in  large  well-formed  crystals, 
as  well  as  irregular  grains.  Numerous  skeleton  forms  are  scattered 
through  the  section,  filled  with  calcite  and  a  substance  resembling 
leucoxene.  Their  outlines,  sometimes  rudely  wedge-shaped,  are 
defined  by  minute  granules  of  a  secondary  iron  ore,  which  also  run 
along  what  were  originally  cleavage  cracks.  These  in  all  probability 
represent  titanite  originally  present  in  the  rock,  which  has  undergone 
almost  complete  alteration  with  formation  of  calcite  and  ilmenite. 
Minute  granules  of  epidote  are  present  as  the  result  of  the  altera- 
tion of  the  feldspars.  The  rock  does  not  present  evidence  of  having 
been  subjected  to  an  intense  degree  of  pressure,  for  although  both 
quartz  and  feldspar  have  wavy  extinction  the  quartz  grains  are  only 
slightly  cracked  and  not  granulated  to  any  extent. 

Sturgeon  river. 

The  Sturgeon  river,*  one  of  the  largest  in  the  country  to  the  north- 
east of  Lake  Huron,  possessing  a  drainage  area  of  about  three  thou- 
sand square  miles,  takes  its  rise  beyond  the  region  covered  by  the 
accompanying  map-sheets,  and  close  to  the  sources  of  the  most  east- 
erly branch  of  the  Montreal  river.  From  the  source  to  its  mouth  on 
Lake  Nipissing  the  river  measures  about  one  hundred  and  forty 
miles  in  length,  the  general  course  being  to  the  southeast.  At  a 
distance  of  one  hundred  and  twenty-five  miles  from  the  mouth  the 
stream  is  (livid  d  hit  ;  two  Ir  r.eli.>>  inconsiderable  in  size.   The  more 

•This  river  is  call«d  "  Champlaln'a  river  "  on  Etellsle's  map  of  New  Franca 
1703. 
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westerly  of  these  has  never  been  explored,  but  the  branch  which 
comes  from  the  northeast  drains  an  important  chain  of  lakes  forming 
the  well-known  canoe-route  to  Shusawagamingf  (Smoothwater)  lake 
at  the  head  of  the  eastern  branch  of  the  Montreal  river.  Three  miles 
below  the  forks  the  river  expands  to  a  quarter  of  a  mile  in  width 
for  a  mile  and  a  quarter,  forming  Paul  lake,$  which  is  frequently 
though  incorrectly  described  as  the  source  of  the  Sturgeon.  This 
lake  is  about  1,258  feet  above  the  sea.  The  Sturgeon  debouches  in 
an  extensive  marsh  by  two  channels.  The  most  direct  or  westerly  one 
is  almost  completely  filled  with  detritus,  while  the  eastern  branch  is 
comparatively  deep  and  navigable  even  for  steamers.  Once  across 
the  bars  the  river  offers  uninterrupted  navigation  as  far  as  the 
village  of  Sturgeon  Falls,  over  four  miles  from  the  lake. 

In  ascending  the  stream  the  general  direction  is  N.  35°  E.  for 
eleven  miles  in  a  straight  line.  This  is  to  the  mouth  of  a  tributary 
coining  from  the  east,  known  as  Smoke  river,  that  drains  the  south- 
ern portion  of  the  townships  of  Grant  and  Charlton.  In  this  distance 
navigation  is  interrupted  by  two  falls  and  two  rapids.  The  first  of 
these,  Sturgeon  falls,  is  opposite  the  village  of  the  same  name,  at 
the  intersection  with  the  main  line  of  the  Canadian  Pacific  railway. 
Sandy  falls  is  the  name  of  the  next,  nearly  six  miles  above  the  vil- 
lage, while  the  rapids,  which  occur  a  couple  of  miles  beyond,  generally 
require  to  be  portaged  in  the  ascent,  although  they  can  be  run  in 
descending.  The  portage  to  avoid  this  half-mile  of  broken  water  is 
on  the  west  aide  of  the  stream. 

Near  the  mouth  of  the  Smoke  river  the  Sturgeon  takes  a  sudden 
bend,  and  has  an  upward  direction  in  a  straight  line  of  N.  61°  E.  for 
twenty-eight  miles,  as  far  as  the  '  Elbow, '  in  the  township  of  Janes. 
Following  all  the  sinuosities  of  the  stream,  however,  this  distance  is 
increased  to  a  little  over  thirty-six  miles.  The  main  tributaries  in  this 
interval  are  from  the  north,  draining  large  lakes  in  this  direction.  The 
Timagami,  which  is  a  very  turbulent  and  rapid  stream,  is  the  largest 
feeder  of  the  Sturgeon,  and  is  the  principal  outlet  of  the  large  lake 
of  the  same  name.  It  enters  the  Sturgeon  a  little  over  twenty-three 
miles  above  the  mouth  of  the  Smoke  river.  The  Tomiko  (contraction 
for  Otanacomagosi  or  Canoe-making)  river  enters  a  little  over  five 
miles  above  Smoky  falls,  deriving  most  of  its  water  from  several 
large  lakes  situated  in  the  townships  of  Qladman  and  Hammell. 
The  lower  portion  of  the  stream,  from  Tomiko  lake  to  the  Sturgeon, 

tScnwtimes  also  called  "White  Beaver  lake"  from  a  mountain  of  that  name 
which  rises  immediately  to  the  west  of  the  lake. 

tThe  name  is  given  in  honour  of  "  Big  Paul."  a  sub-chief  of  the  Timagami 
band  of  Chippewa  Indians,  who  has  made  this  lake  his  headquarters  for  many 
succeeding  winter  hunts. 
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is  rarely  if  ever  used  for  the  purposes  of  canoeing.  A  long  portage, 
to  avoid  thia  rough  stretch  of  river,  runs  northward  from  the  Stur- 
geon, starting  from  a  point  nearly  two  miles  above  Smoky  falls.  It 
affords  an  entrance  to  Cameron  lake  and  thence  through  Chebogomog 
lake  into  Tomiko  lake.  The  upper  portion  of  the  river,  however,  is 
travelled  to  reach  the  numerous  lakes  situated  near  the  headwaters 
of  the  several  branches  of  the  stream  and  thence  to  the  region  beyond. 
Pike  river  is  another  feeder,  coming  from  a  lake  of  the  same  name, 
situated  near  the  centre  of  the  township  of  Bastedo. 

Between  the  mouth  of  the  Smoke  river  and  the  '  Elbow '  the  Stur- 
geon is  broken  by  one  fall  and  five  rapids,  the  latter  all  situated  above 
the  mouth  of  the  Timagami  river.  The  most  important  of  these 
obstructions  is  the  Smoky  falls,  where  the  river  descends  over  a  solid 
barrier  of  gneiss  for  more  than  twenty  feet.  The  portage  runs  over  a 
small  rocky  island  of  gneiss  which  here  divides  the  river  into  two 
channels. 

At  the  '  Elbow '  the  trend  of  the  river  again  changes  abruptly  to  a 
direction  of  N.  14°  W.,  which  course  is  maintained  as  far  the  mouth 
of  the  Obabika  river,  a  distance  of  twenty-two  miles  increased  to 
thirty-four  miles  by  the  bends  of  the  stream.  Only  a  little  over  a 
third  of  this  distance  is  included  on  the  accompanying  maps,  as  far 
as  the  mouth  of  the  outlet  from  Wawiashkaahing  and  Manito-pee- 
pagee  lakes.  The  largest  tributary  in  this  distance  is  the  MaskinongS 
river,  that  reaches  the  main  stream  from  the  west  about  two  and  a 
half  miles  above  the  '  Elbow '  and  drains  a  number  of  large  lakes, 
shown  on  the  Sudbury  map-sheet  (No.  ISO.) 

The  Sturgeon  river  is  in  general  readily  navigable  for  canoes 
throughout  the  whole  distance  embraced  in  the  present  map-sheets, 
although  the  current  is  strong  nearly  the  whole  way.  Between  Smoky 
falls  and  a  point  about  three  miles  above  the  mouth  of  the  Timagami 
branch  (a  distance  of  about  twenty-five  miles)  there  is  no  greater 
impediment  to  canoe  navigation  than  the  strength  of  the  current. 
The  river,  except  where  contracted  at  the  rapids  and  falls,  varies  in 
width  from  a  little  over  two  hundred  and  fifty  feet  near  the  mouth  to 
about  a  hundred  feet  in  the  township  of  McNish  near  the  north- 
west corner  of  the  Lake  Nipissing  sheet.  The  depth  varies  from 
-three  to  twenty  feet,  with  an  average  of  perhaps  ten  or  twelve  feet. 

The  flats  along  the  river  are  liable  to  inundation  during  the  high 
spring  freshets  and  the  actual  rise  in  the  water  at  the  several  points 
along  the  course  of  the  stream  may  be  readily  ascertained  by  a  refer- 
ence to  the  appended  list  of  elevations. 

The  river  for  the  most  part  pursues  a  somewhat  tortuous  course 
through  a  tolerably  level  flat  of  considerable  extent,  exhibiting  numer- 
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ous  sections  of  a  stiff  greyish  clay  overlain  by  coarse  yellowish  sand, 
in  the  immediate  valley  of  the  Sturgeon.  Below  the  Tiraagami  river 
there  are  many  areas  of  considerable  extent  which  have  been  utilized 
for  the  settlement  and  the  soil  has  in  general  proved  productive.  Be- 
tween the  mouths  of  the  Timagami  and  Maskinonge  rivers  these 
flats  are  fewer  and  less  extensive  while  the  country  immediately 
adjoining  becomes  for  the  greater  part  poor  and  rocky.  Above  the 
Maskinonge  very  little  land  is  available  for  farming,  the  country 
assuming  a  broken  and  mountainous  character. 

The  rocks  throughout  this  distance  present  the  usual  characteristics 
of  the  reddish  and  dark-greyish  gneisses.  The  dip  is  towards  the  south 
or  southeast  at  an  angle  of  often  considerably  less  than  45°.  The 
exposures  in  the  immediate  vicinity  are  very  few,  and  except  in  the 
neighbourhood  of  falls  and  rapids  are  small,  consisting  chiefly  of 
rounded  hummocks  protruding  from  the  overlying  drift  material. 

The  contact  between  these  rocks  and  those  of  the  Huronian,  occur- 
ring to  the  northeast,  crosses  the  Sturgeon  river  a  short  distance 
above  the  '  Elbow.'  The  actual  junction  is  not  visible,  but  exposures 
of  the  flesh-red  granite-gneiss  of  the  Laurentian  and  the  light  green- 
ish compact  quartzite  of  the  Iluronian  occur  within  a  short  distance 
of  one  another. 

The  Montreal  biveb. 

The  Montreal  river  is,  next  to  the  Ottawa  and  Sturgeon  rivers,  the 
largest  stream  included  within  the  area  covered  by  the  present  report, 
draining  an  area  of  about  2,500  square  miles. 

The  general  course  of  the  river,  so  far  as  it  is  included  in  the,  Lake 
Timiskaming  sheet,  is  southeast,  and  the  length  almost  forty-seven 
miles  in  a  straight  line.  Th>is  may  be  divided  into  three  parts,  the 
first  and  third  of  which  are  approximately  parallel  in  direction,  while 
tae  second,  or  short  intervening  stretch,  lies  almost  at  right  angles. 

The  lower  portion  of  the  river,  from  Lake  Timiskaming  to  Mud 
Lake  portage,  is  now  superseded  as  a  canoe-route  by  the  shorter  and 
easier  passage  by  way  of  Haileybury,  Mud  and  Sharp  lakes.  There 
ire  numerous  rapids,  and  the  river,  throughout  this  distance,  flows 
in  a  narrow  valley,  generally  from  400  to  450  feet  deep.  Only  a  few 
small  streams  enter  this  portion  of  the  river,  as  the  highest  land 
occurs  in  close  proximity  to  the  banks  on  either  side.  The  lowest 
three  miles  of  the  river,  before  it  reaches  Lake  Timiskaming,  are  a 
series  of  rapids  with  a  fall  of  160  feet.  At  the  '  Notch,'  near  the 
mouth,  the  river  flows  through  an  extremely  narrow  channel,  with 

8t»  Plate  IV. 
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rocky  perpendicular  walla,  composed  of  dark-greenish  greywacke"  slate, 
much  jointed  and  broken.  This  gorge  has  a  breadth  varying  from 
sixteen  to  thirty-three  feet  and  is  a  little  more  than  a  hundred  yards 
long,  with  perpendicular  walls  about  forty  feet  high.  The  rapids 
above  referred  to  are  overcome  by  a  portage  about  three  miles  long. 

For  about  six  miles  above  this  portage  the  river  is  crooked,  with 
a  fairly  gentle  and  uniform  current,  its  channel  being  cut  through 
a  narrow  plain  of  stratified  drift  material.  There  are  only  occasional 
outcrops  of  rock,  and  these  show  a  comparatively  fine-grained  arkose. 
forming  the  transitional  beds  upward,  from  the  greywacke"  and  slate 
to  the  quartaite  grit  that  characterizes  the  summits  of  the  hills  ex- 
tending westward  to  Bear  lake. 

Three  rapids  occur  in  the  next  stretch  before  Fountain  fall  i* 
reached,  the  total  fall  in  this  part  of  the  river  being  over  thirty  feet. 
The  rock,  wherever  exposed,  is  a  dark-green  somewhat  coarse  diabase 
or  gabbro,  the  feldspar,  especially  in  the  coarse  phase,  being  frequently 
of  a  reddish  colour.  Fountain  fall  has  a  sheer  descent  of  twenty  feet 
over  an  outcrop  of  breccia-conglomerate.  Ragged  chute  is  situated 
a  short  distance  above,  and  has  a  fall  of  about  thirty  feet.  The  hills 
on  either  side  of  this  wild  rapid  rise  precipitously  from  the  river,  and 
the  portage,  which  is  situated  on  the  northeast  bank,  runs  over  a 
very  high  and  steep  hill.  The  rock  exposed  is  the  usual  breccia-con- 
glomerate, showing  a  dark-green  chloritic  matrix  which  is  often  pres- 
ent in  comparatively  small  proportion,  in  which  is  embedded  an 
abundance  of  fragments  of  feldspar,  granite  and  diabase.  About  a 
mile  above  Ragged  chute  the  slate  is  superimposed  upon  the  con- 
glomerate, dipping  S.  70°  N.  <  20°.  Two  more  rapids  of  consider- 
able'dimensions  occur  in  the  spaces  between  Ragged  and  Hound 
chutes,  having  a  combined  fall  of  thirteen  feet.  At  the  latter  place 
the  waters  of  the  river  make  a  clear  leap  of  twenty-five  feet,  over  an 
outcropping  ledge  of  diabase.  From  the  head  of  Hound  chute  to 
Mud  Lake  portage  the  banks  on  either  side  of  the  stream,  and 
especially  those  on  the  northeastern  side,  exhibit  perpendicular  cliffs 
composed  of  diabase,  greatly  resembling  and  co-extensive  with  a  large 
mass  which  reaches  the  west  side  of  Lake  Timisksming,  there  form- 
ing the  cliffs  known  as  the  Manitou  and  Devils  Rock.  The  current 
in  this  interval  of  nearly  five  miles  is  very  swift,  showing  a  total 
fall  of  about  eight  feet,  but  with  no  distinct  rapids. 

Immediately  below  Mud  Lake  portage  is  a  high  hill  of  diabase 
that  rises  precipitously  from  the  water  on  the  northeast  side,  while 
a  short  distance  above,  on  the  opposite  side,  smaller  elevations  com- 
posed of  similar  rock  were  noticed  in  close  proximity  to  the  stream. 
In  the  vicinity  of  the  first  rapid  above  Mud  Lake  portage  the  banks 
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are  again  high  and  rocky,  composed  of  the  coarse  diabase  or  gabhro 
with  much  flesh-red  feldspar,  giving  it  somewhat  the  appearance  of 
a  basic  granite.  A  small  rocky  island  about  twelve  chains  below  the 
rapid  shows  this  diabase  to  possess  a  very  perfect  series  of  jointing 
planes  with  a  direction  of  N.  50°  E.  and  dipping  S.  E.  <70°.  The 
strike  of  these  planes  corresponds  closely  with  the  trend  of  the  stream 
at  this  point  and  may  have  been  the  cause  of  its  direction.  The 
rapids,  which  are  very  strong,  have  a  fall  of  seven  feet,  and  are 
caused  by  a  barrier  composed  of  outcroping  ledges  of  the  diabase 
aided  by  an  accumulation  of  loose  boulder  material.  There  are  no 
exposures  of  rock  between  the  head  of  these  rapids  and  Bay  lake, 
while  the  river,  between  the  two  other  intervening  rapids,  is  marked 
by  the  occurrence  of  comparatively  wide  lake-like  expansions,  which 
in  places  show  a  considerable  current. 

Bay  lake,  known  to  the  Indians  as  Pakeegama  or  Mattagamashing. 
occupies  a  rather  deep  depression  in  the  rocky  plateau,  being  bound- 
ed, especially  on  the  southwest  side,  by  high  rounded  hills  of  slate  and 
quartzite.  It  runs  in  a  northwest  and  southeast  direction,  with  a 
length  of  seven  miles  and  an  average  breadth  of  a  little  over  a  quarter 
of  a  mile.  A  large  bay  near  the  northwestern  extremity  runs  in  an 
easterly  direction  for  about,  two  miles  and  a  half.  The  portage  from 
Loon  lake,  on  the  road  to  Timiskaming,  reaches  the  northeast  corner 
of  this  bay,  while  the  Hudson's  Bay  Company's  post  is  situated  on 
the  point  on  the  northwest  shore  of  the  lake  near  the  entrance  to 
Portage  bay. 

The  southwestern  shore,  near  the  southwestern  end  of  Bay  lake, 
shows  excellent  exposures  of  well  banded  and  evenly  jointed  green- 
ish-grey slates,  while  the  northeastern  shore  in  this  direction  is  low 
and  covered  with  thick  green  bush.  About  a  mile  and  a  quarter  north 
of  the  outlet  the  slates  are  overlain  in  comformable  sequence  by  the 
yellowish-green  quartzite-grit,  the  whole  having  a  northwesterly  dip 
<  5e  to  12".  The  slate  as  usual  shows  a  gradual  transition  through 
a  more  massive  slate  into  a  greywacke  or  feldspathic  sandstone,  which 
merges  upward  into  the  comparatively  coarse-grained  arkose  sand- 
stone or  quartzite-grit  that  rises  into  hills  varying  from  250  to  300 
feet  above  the  lake,  in  places  forming  precipitous  cliffs  of  consider- 
able height. 

A  specimen  of  this  rock  was  examined  by  the  late  Prof.  G.  H. 
Williams  and  was  taken  to  represent  the  transitional  portion  near  the 
immediate  junction  between  the  coarse  greywacke'  and  the  quartzite 
or  arkose.  The  email  hand  specimens  showed  a  banded  coarse  and 
fine  conglomeratic  sandstone  or  greywacke.  The  coarser  portion  of 
the  specimen  presents  the  ordinary  characters  of  the  prevailing 
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quartzite-grit,  holding  good  sized  fragments  of  quartz  both  angular 
and  rounded  in  outline,  embedded  in  a  moderately  abundant  seri- 
citic  matrix.  The  finer-grained  portion,  which  has  a  somewhat 
darker  hue,  is  a  rather  typical  greywacke\  showing  '  an  aggregate  of 
angular  and  subangular  quartz  grains  with  some  feldspar.  Between 
these  grains  much  chloride  has  been  developed,  which,  together  with 
the  magnetite  present,  gives  the  dark  colour  to  this  layer.' 

This  quartzite,  as  usual,  occurs  in  very  thick  and  massive  beds  and 
the  dip  cannot  be  made  out  with  any  certainty  except  in  a  few  places. 
It  is  exposed  all  along  the  southwest  shore  of  the  lake  as  fat  as  the 
inlet  and  forms  the  southwestern  portion  of  the  point  that  separates 
Portage  bay  from  the  main  body  of  the  lake.  Farther  up  the  river 
the  rock  is  underlain,  first,  by  a  massive  brownish  greywacke"  or  slate, 
exposed  a  short  distance  below  Pork  rapid,  and  next,  in  descending 
order,  by  the  well  banded  greenish  slates,  dipping  S.  55°  E.  <  10°  to 
15°,  which  continue  as  far  as  and  a  little  beyond  the  inlet  from  Lady 
Evelyn  lake.  The  structure  is,  therefore,  that  of  a  somewhat  shallow 
syncline,  the  basal  bed  being  represented  both  by  the  banded  slates 
exposed  in  the  southeastern  part  of  Bay  lake  and  those  occurring  in 
the  vicinity  of  the  outlet  from  Lady  Evelyn  lake,  the  overlying 
quartzites  resting  in  the  trough  thus  formed. 

The  point  on  which  Bay  Lake  post  is  situated  is  composed  of 
coarsely  crystalline  diabase  or  gabbro,  the  feldspar  frequently  pos- 
sessing a  distinct  flesh-red  colour.  The  massive  and  rounded  ex- 
posures of  this  rock  are  cut  by  irregular  ramifying  dikes,  composed 
of  a  fiue-grained  pale-greyish  or  pinkish  aplite.  This  basic  irruptive 
forms  the  shores  of  Portage  bay,  as  well  as  the  northeastern  part  of 
the  point  separating  this  bay  from  the  main  body  of  the  lake.  To 
tha  northwest  of  the  lake  it  continues  for  a  considerable  distance 
inland,  forming  a  series  of  high,  though  rounded,  hills  in  this  district, 
while  to  the  east,  as  far  as  can  be  learned  from  the  occasional  out- 
crops, it  is  continuous  with  the  mass  which  forms  the  southern  part 
of  Sharp  lake,  extending  as  far  as  the  western  shore  of  Lake  Timis- 
kaming. 

Between  the  head  of  Bay  lake  and  the  head  of  Lady  Evelyn  lake, 
(Mattawapika),  the  river  is  in  general  a  fine,  wide  stream,  with  occa- 
sional short  stretches  of  swift  current.  Pork  rapid,  (Kokooshbu- 
watik),  has  a  total  fall  of  nearly  seven  feet,  the  portage  being  on  the 
southwest  bank.  The  northeastern  banks  of  the  river  are  low,  and 
the  country  for  many  miles  is  flat  and  swampy.  On  the  southeast 
side  in  that  direction  there  are  only  occasional  low  rounded  exposures 
of  the  greywacke  and  slate,  and  these  are  situated  some  distance  away 
from  the  stream,  forming  a  series  of  rounded  hills.  Between  the 
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Mattawapika  and  Round  or  Mountain  lake  the  river  is,  as  a  rule, 
wide  and  navigable,  with  only  two  interruptions  by  rapids.  One  of 
these  is  a  little  over  a  mile  and  the  other  about  four  miles  below 
Round  lake,  the  portage  in  both  cases  being  on  the  northern  or  north- 
eastern bank  of  the  river.  The  combined  fall  of  these  two  rapids  is 
about  eight  feet,  the  upper  one  being  the  larger  with  a  descent  of  five 
feet 

The  shores  in  the  vicinity  of  the  Mattawapika  show  exposures  of 
a  well  banded  slate  which  dips  S.  55°  E.  <  10°  to  15',  and  con- 
tinues for  about  a  mile  above  this  point,  where  it  is  interrupted  by 
a  mass  of  diabase  or  gabbro,  which,  on  the  southeast  side,  rises  into 
a  series  of  precipitous  hills.  This  rock  may  extend  across  the  stream 
to  the  northward,  but  any  hills  on  this  side  are  much  lower  and  less 
pronounced,  and  are,  therefore,  more  likely  to  be  underlain  by  the 
greywacke  slate.  This  mass  of  diabase  extends  to  within  a  quarter 
of  a  mile  of  the  outlet  from  Mocassin  lake,  and  is  an  extension 
northward  of  the  mass  of  similar  rock  which  forms  the  western  shore 
of  the  last  stretch  of  Lady  Evelyn  lake.  To  the  northwest  this  dia- 
base is  replaced  by  the  quartzite  grit  or  arkose  which  forms  smaller 
and  less  conspicuous  eminences  extending  northward  and  inland  for 
some  miles;  while  to  the  northeast  the  general  surface  outline  would 
seem  to  indicate  its  continuous  presence  as  far  as  the  southeastern 
extremity  of  Indian  lake,  although  no  exposures  could  be  seen.  The 
rock  is  the  usual  greenish  or  reddish-grey,  coarse  arkose,  so  prevalent 
throughout  this  district.  A  specimen  of  this  rock  was  examined  by 
the  late  Prof.  G.  H.  Williams,  who  says  that  'it  shows  an  even- 
grained  mixture  of  somewhat  rounded  quartz  grains  with  an  equal 
amount  of  feldspar  (orthoclase,  microcline  and  oligoclase).  The 
minerals  and  their  proportions  are  those  of  a  granite,  and  yet  the 
appearance  of  the  grains  and  their  relations  to  one  another  at  once 
disclose  the  clastic  character  of  the  rock.  The  feldspar,  except  a  few 
of  the  largest  grains,  is  quite  changed  to  kaolin  or  sericite,  although 
its  external  characters  are  still  plainly  discernible.' 

Indian  lake  is  only  an  irregular  expansion  of  the  river  crossing  its 
downward  course  at  a  considerable  angle,  and  discharging  from  the 
southwest  side  nearly  a  mile  from  the  foot  of  the  lake.  Near  Indian 
lake  the  banks  are  somewhat  higher  and  are  composed  of  greyish 
stratified  clay,  which  makes  a  good  soil.  The  shores  of  Indian  lake 
are  as  a  rule  low  and  grassy,  presenting  no  rock  exposures,  but  the 
comparatively  high  hills  that  border  the  southwestern  end  of  the 
lake  are  probably  composed  of  quartzite-grit.  From  Indian  lake 
to  Round  or  Mountain  lake  the  river  flows  with  a  very  gentle  cur- 
rent between  banks  of  moderate  height  composed  of  stratified  grey 
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clay.  As  the  first  rapid  is  approached  these  banks  are  appreciably 
higher,  but  above  the  second  rapid  the  area  on  either  side  of  the  river 
becomes  much  lower,  while  the  immediate  outlet  from  Round  lake 
is  flat  and  swampy.  Both  of  the  rapids  below  Round  lake  are  caused 
by  boulder  obstruction.  The  southwestern  shore  of  Round  lake 
shows  high  hills  composed  of  the  coarse  diabase  or  gabbro,  and  ex- 
posures of  this  rock  were  noticed  on  the  northeastern  side  near  the 
outlet,  but  to  the  northeastward  of  the  lake  the  whole  region  seems  to 
be  comparatively  level,  the  soil  being  a  clay  loam.  The  diabase  and 
gabbro  contain  much  flesh-red  feldspar,  greatly  resembling  in  this 
respect  the  coarser  portions  of  the  rock  exposed  at  Quinn  point  on 
Lake  Timiskaming  as  well  as  on  the  northeast  shore  of  Bay  lake. 
When  subjected  to  the  weather  this  feldspar  kaolinizes,  thus  produc- 
ing a  moderately  coarse-grained  rock,  closely  resembling  in  macro- 
scopic appearance  a  basic  hornblendic  granite. 

The  Matabitchouan  biveb. 

The  Matabitchouan  and  Montreal  rivers  reach  Lake  Timiskaming 
almost  at  the  same  point;  but  while  the  general  course  of  the  latter  is 
from  the  northwest,  that  of  the  Matabitchouan  is  from  the  southwest. 
The  proximity  of  the  mouths  of  these  two  streams  has,  in  the  past, 
been  the  cause  of  some  little  confusion  in  the  names  applied  to  each. 
Matabitchouan  seems  to  have  been  the  original  Indian  name  of  the 
Montreal  river,  while  what  has  of  late  years  been  called  the  Mata- 
bitchouan is  known  to  the  Indians  as  the  Wabos-na-ma-ta-bi-sipi 
(or  Rabbit-sitting-down  river).  The  names  have  now,  however,  be- 
come fixed  as  here  employed.  The  Matabitchouan  is  one  of  the 
most  important  streams  in  this  district,  and  for  many  years  was  the 
only  canoe-route  in  common  use  between  Lakes  Timiskaming  and 
Timagami.  Its  headwaters  lie  to  the  north  and  west  of  White-bear 
lake.  The  smallest  branch  takes  its  rise  in  Caribou  lake,  on  the 
main  canoe-route,  within  a  quarter  of  a  mile  of  the  northeast  arm  of 
Lake  Timagami,  and  this  small  lake  sends  another  and  larger  stream 
into  Lake  Timagami.  The  largest  or  main  branch  of  the  river  rises 
in  Mountain  lake,  to  the  southeast  of  Annima-Nipissing  and  Bay 
lakes.  Two  other  branches  of  some  size  drain  lakes  that  lie  close  to 
the  hills  bordering  the  lower  stretch  of  the  Montreal  river,  debouch- 
ing in  the  northeastern  corner  of  White-bear  lake  within  a  short 
distance  of  one  another. 

From  the  mouth  on  Lake  Timiskaming  to  Mountain  lake,  the  dis- 
tance, in  a  straight  line  bearing  N.  70°  W.,  is  nineteen  miles,  while 
following  the  general  canoe-channel  this  distance  is  increased  to 
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thirty-seven  miles.  This  whole  space  is  divided  into  two  main  direc- 
tions of  flow,  forming  an  angle  of  70°  with  one  another,  these  con- 
stituting two  sides  of  a  triangle,  while  the  third  has  the  length  and 
direction  already  mentioned.  The  first  of  these  stretches,  which  ex- 
tends from  the  south  of  the  river  to  Rabbit  lake,  has  an  upward 
bearing  of  S.  44°  W.  for  thirteen  and  a  half  miles,  although  the 
channel  usually  travelled  measures  about  sixteen  miles.  The  third 
side  of  the  triangle,  which  reaches  from  Rabbit  point  to  Mountain 
lake,  shows  a  general  direction  of  N.  26°  W.,  with  a  length  of  nine- 
teen miles,  although  the  most  direct  canoe-channel  measures  about 
twenty-one  miles.  From  the  mouth  of  the  Matabitchouan  to  the  first 
portage  the  river  has  cut  a  fairly  deep  channel  through  drift  mate- 
rial, tho  bands  on  either  side  being  composed  of  a  stratified  grey  clay. 
The  strength  of  the  current  in  this  interval  varies  with  the  height  of 
the  water,  for  during  times  of  freshet  the  water  of  the  lake  backs  up, 
forming  a  comparatively  deep  channel  to  within  a  short  distance  of 
the  first  portage;  while,  during  ordinary  stages,  the  stream  has  a 
swift  current  almost  to  the  mouth.  The  northern  banks  are  as  a  rule 
much  lower  than  those  on  the  south  side  of  the  stream.  A  short 
distance  south  of  the  river  is  a  high  and  prominent  hill,  known  as 
the  King  of  the  Beavers,  also  sometimes  called  the  Montreal  moun- 
tain or  Beaver  mountain.  According  to  barometrical  observations 
this  hill  has  an  elevation  of  060  feet  above  Lake  Timiskaming,  or 
1,248  feet  above  the  sea. 

The  summit  of  Beaver  mountain,  for  340  feet,  is  composed  of  a 
greenish-groy  medium  textured  diabase,  much  sheared  and  broken, 
the  planes  of  shearing  abundantly  coated  with  greenish  decom- 
position products.  Below  this  rock  is  a  greenish  slate,  which  marks 
the  lower  and  more  gradually  sloping  portion  of  the  mountain.  The 
strike  of  the  slates  curves  around,  conforming  beautifully  with  the 
line  of  outcrop  of  the  diabase,  dipping  into  or  beneath  what  seems  to 
be  an  irruptivc  mass  of  laccolithic  origin. 

The  first,  or  Matabitchouan  portage,  occurs  a  little  over  two  miles 
from  the  mouth  of  tho  river,  where  a  series  of  rapids  and  falls  occur 
with  a  descent  of  260  feet.  The  stream  here  describes  a  sharp  bend 
to  tho  north,  while  the  portage  to  overcome  these  obstructions  cuts 
across  the  bend  thus  formed,  running  over  a  hill,  the  highest  point 
on  the  trail  being  330  feet  above  the  level  of  the  river  at  the  foot  of 
the  portage.  The  ascent  of  the  portage  is  steep,  passing  first  over 
stratified  grey  clay,  and  clay  and  boulders,  but  near  the  summit  it  is 
rocky.  This  is  the  breccia-conglomerate,  containing  pebbles  chiefly 
of  a  flesh-red  granite  embedded  in  a  dark-green  chloritic  matrix. 
The  west  end  of  the  Matabitchouan  portage  comes  out  on  the  first  of 
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a  series  of  four  Bass  lakes,  numbered  in  ascending  order.  These  are 
email  expansions,  united  by  narrow  shallow  channels,  with  an  appre- 
ciable current. 

The  southeast  shore  of  the  Second  Bass  lake  consists  of  high  per- 
pendicular cliffs  composed  of  a  fine-grained  hornblende-granite, 
evidently  an  extension  of  the  large  mass  of  somewhat  similar  rocks 
coloured  as  Laurentian  farther  to  the  south.  At  the  base  of  the  cliff, 
near  the  upper  end  of  the  lake,  this  granite  may  be  seen  in  contact 
with  the  breccia-conglomerate  that  constitutes  the  basal  member  of 
the  Huronian.  Precisely  similar  rock  forms  the  eastern  shore  of  the 
Third  Bass  lake,  but  is  so  massive  that  no  lines  indicating  original 
sedimentation  could  be  discerned.  A  thin  section  of  the  finer  por- 
tion, or  matrix,  of  this  conglomerate,  obtained  from  an  exposure 
immediately  below  the  rapid  that  separates  this  lake  from  the  next 
succeeding  one  above,  shows  the  rock  to  be  a  highly  feldspathic  sand- 
stone or  greywacke,  consisting  of  subangular  grains  of  quartz,  ortho- 
clase  and  plagioclase  with  a  considerable  amount  of  a  green  chloritic 
decomposition  product  occurring  for  the  most  part  between  the  quartz 
and  feldspar  grains  and  giving  the  rock  its  general  greenish  tint.  A 
.  few  grains  of  pyrite  are  also  present.  The  majority  of  the  grains 
are  composed  of  feldspar,  which  is  a  good  deal  decomposed,  while  the 
quartz  shows  evidence  of  having  been  subjected  to  great  pressure.  On 
the  western  shore  of  the  lake,  near  the  upper  or  south  end,  exposures 
of  greenish  banded  slates  may  be  observed,  dipping  to  the  westward 
at  a  low  angle  and  overlying  the  breccia-conglomerate  of  the  eastern 
shore.  These  slates  constitute  a  belt  about  a  quarter  of  a  mile  in 
width,  and  to  the  west  merge  gradually  upward  through  a  massive 
and  uniformly  fine-grained  greywacke  into  the  sea-green  sandstone  or 
quartzite-grit  that  forms  most  of  the  shores  of  Trout  lake,  (a  small 
expanse  of  water  to  the  northwest  of  Third  and  Fourth  Bass  lakes). 

A  rapid  with  a  considerable  fall  intervenes  between  the  two  upper 
Bass  lakes.  Macdonald  creek,  an  important  tributary,  enters  the 
Fourth  Bass  lake  from  the  south,  draining  a  number  of  lakes  in  that 
direction.  On  the  west  shore  of  the  bay  into  which  this  creek  empties 
are  high  rounded  exposures  of  the  breccia-conglomerate,  while  at  the 
small  rapids  at  the  upper  or  southwest  end  of  the  lake  are  ledges  of 
the  overlying  greenish  banded  slates,  striking  about  northeast  and 
dipping  to  the  northwest. 

Above  the  Fourth  Bass  lake  a  small  rapid  occurs,  and  a  short 
distance  beyond  five  rapids  follow  in  quick  succession.  During 
times  of  low  water  a  portage  known  as  the  Kancbeatika  (or  Along-the- 
mcks)  portage  is  made  on  the  south  side  of  the  river,  commencing  at 
the  foot  of  a  small  fall  and  running  for  a  distance  of  nearly  three- 
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quarters  of  a  mile.  Frequently,  however,  the  passage  either  up  or 
down  is  made  by  keeping  close  to  the  stream  and  utilizing  the  shorter 
trails.  The  north  side  of  the  river  shows  precipitous  cliffs  of  green- 
ish banded  siates,  which  rise  abruptly  from  the  water's  edge  to  a 
height  of  over  a  hundred  feet,  having  at  the  base  a  talus  of  angular 
blocks.  Only  a  quarter  of  a  mile  separates  these  from  the  Devils 
rapid,  where  the  water  pours  through  a  narrow  canon  of  slate,  with 
a  portage  on  the  south  side  of  the  stream.  The  banded  slates  here 
exposed  have  a  strike  of  N.  20°  E.,  with  a  dip  to  the  northwest.  A 
quiet  stretch  of  similar  length  separates  this  from  the  next  succeed- 
ing rapid,  at  the  foot  of  which  the  green  banded  slates  strike  N.  64° 
E.  and  dip  northerly  <  50°.  The  upper  end  of  this  portage  shows 
exposures  of  a  somewhat  coarse  gabbro  or  diabase,  a  belt  of  this  rock 
about  three-eighths  of  a  mile  wide  crossing  the  river  at  this  point  and 
interrupting  the  slates  and  greywackes.  A  stretch  of  three-quarters 
of  a  mile  of  comparatively  deep  and  navigable  water,  with  swift  cur- 
rent at  only  one  point,  occurs  in  the  interval  before  the  foot  of  the 
next  portage,  which  is  the  last  before  Rabbit  lake  is  reached.  This 
portage,  which  is  a  little  over  a  half  mile  in  length,  passes  two  rapids 
and  a  chute,  the  latter  exhibiting  a  very  pretty  fall  of  about  fifteen 
feet  at  the  immediate  outlet  of  the  lake.  A  specimen  obtained  at  the 
foot  of  the  portage  is  a  very  fine-grained  reddish-grey  rock,  resem- 
bling a  feleite  macroscopically. 

At  the  outlet  the  rock  is  a  fine-grained  greenish-grey  felsite  or 
feldspathic  sandstone  very  similar  to  the  last  in  composition  with  a 
strike  N.  60°  E.  and  a  dip  to  the  northwest  <  50  °.  It  is  impossible, 
however,  to  be  sure  that  these  planes  represent  original  lines  of  sedi- 
mentation, for  a  little  over  a  mile  to  the  south  of  Rabbit  chute,  on 
the  west  side  of  Outlet  bay,  the  greenish  banded  slates  were  seen 
dipping  about  west<  50°  and  superimposed  upon  the  breccia-con- 
glomerate which  forms  the  eastern  shore  of  this  bay  wherever  the 
rock  is  seen. 

The  present  name,  Rabbit  lake,  by  which  this  stretch  of  water  at 
the  head  of  Rabbit  chute  is  known,  is  an  abbreviated  translation  of 
the  Indian  designation  Wabos-na-ma-ta-bi  (or  Rabbit-sitting-down 
lake)  because  of  the  occurrence  at  one  of  the  most  prominent  points 
of  a  large  angular  mass  of  greywaeke  which  has  a  fancied  resem- 
blance to  a  rabbit  in  a  sitting  posture. 

The  lake  has  a  general  trend  of  northwest  and  southeast,  and  the 
distance  from  Rabbit  chute  to  the  end  of  Southwest  bay  is  ten  miles 
in  a  direct  line,  although  the  distance  from  portage  to  portage  on 
the  canoe-route  is  a  little  over  eleven  miles.  The  average  width  of 
the  lake  is  about  three-eighths  cf  a  mile,  while  its  total  area  is  about 
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eight  square  miles,  and  its  height  about  939  feet  above  sea-level. 
The  lake  has  a  rather  irregular  outline,  with  a  number  of  large 
bays,  which  are,  in  their  turn,  cut  up  into  many  smaller  inlets. 
At  the  southern  end  of  Outlet  bay  one  of  these  indentations  stretches 
away  to  the  southeast,  crossing  the  strike  of  the  rocks  for  a  distance 
of  over  two  miles.  During  extreme  high-water  a  small  stream  flows 
out  of  the  end  of  this  bay  into  Ross  lake,  at  the  headwaters  of  Mac- 
donald  creek,  which  flows  into  the  Matabitchouan  river  at  the  Fourth 
Bass  lake.  The  Day  running  to  the  northwest  forms  a  portion  of  the 
main  route  of  travel  between  Timiskaming  and  Timigami  lakes. 
With  a  gradual  curve  from  the  north  to  the  northwest  it  reaches  the 
foot  of  the  portage  to  White-bear  lake,  about  five  miles  from  Rabbit 
point.  The  Southwest  bay  is  really  a  continuation  in  this  direction 
of  the  main  body  of  the  lake. 

Near  the  southern  end  of  Outlet  bay  a  mass  of  greenstone  (diabase 
and  gabbro)  crosses  Southeast  bay,  and,  running  parallel  to  Outlet 
bay,  but  a  short  distance  inland,  this  doubtless  connects  with  the  belt 
of  such  rocks  that  crosses  the  Matabitchouan  at  the  third  rapid  below 
Rabbit  chute.  This  band  is  a  little  over  half  a  mile  in  width,  and  in 
the  vicinity  of  Outlet  bay  is  followed  by  the  massive  breccia-conglom- 
erate, which  is  in  turn  overlain  by  the  fine-grained  brownish,  and 
greenish-grey  slaty  rocks  with  a  strike  of  N.  5°  W.  and  a  dip  west 
<  20°.  This  diabase,  as  it  may  be  named,  is  by  no  means  homo- 
geneous in  composition,  and  patches  of  granitic  aspect  and  composi- 
tion occur  without  any  sharp  line  of  division,  merging  by  degrees 
into  the  more  basic  portion  of  the  mass.  In  places  these  granitic 
patches  arc  cut  by  dikes  of  fine-grained  diabase  evidently  of  some- 
what later  origin. 

To  the  south  of  this  greenstone  mass  a  belt  of  the  breccia-conglo- 
merate comes  in,  but  the  actual  contact  is  hidden  in  a  low  valley  at 
the  foot  of  a  small  bay  on  the  southwest  shore.  On  the  southwest  side 
of  the  bay  the  conglomerate  band  has  a  width  of  a  quarter  of  a  mile, 
but  on  the  northeastern  shore  it  is  somewhat  wider.  The  matrix  is 
a  fine-grained,  compact,  dark  greenish-grey  rock,  breaking  with  a 
conchoidal  fracture.  Under  the  microscope  it  is  seen  to  consist  of  a 
very  fine-grained  mosaic  of  quartz  and  feldspar,  filled  in  with  minute 
scales  of  chlorite  and  sericite  and  granules  of  epidote.  In  this  are 
scattered  larger  fragments  of  quartz,  orthoclase,  plagioclase,  micro- 
cline,  hornblende,  biotite  (both  the  latter  minerals  largely  altered 
to  chlorite)  and  sphene.  In  this  fine-grained  portion  are  embedded 
occasional  pebbles  and  fragments  often  of  considerable  size,  composed 
chiefly  of  red  and  grey  granite.  Near  the  contact  with  the  granite 
rocks  to  the  south  the  rock  is  seen  to  have  undergone  extensive  de- 
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formation  by  pressure,  the  resulting  shearing-planes  being  abun- 
dantly coated  with  the  usual  greenish  products  of  decomposition.  The 
pebbles  themselves,  which  are  relatively  much  more  abundant,  are 
seen  to  have  been  stretched  and  rolled  out  as  a  result  of  such  extreme 
dynamic  action;  while  a  very  marked  foliation  has  been  developed 
in  the  finer-grained  portion  of  the  rock,  which  is  seen  to  wrap  around 
and  conform  as  closely  as  possible  to  the  outline  of  each  individual 
fragment. 

Besides  these  lengthened  pebbles  there  a're  granitic  inclusions,  run- 
ning for  the  most  part  with  the  cleavage,  but  which  in  most  cases 
present  a  somewhat  more  irregular  and  indistinct  outline.  These 
appear  to  be  of  the  nature  of  small  apophyses  of  granite,  although 
it  is  exceedingly  difficult  to  discriminate  in  every  case  between  these 
irruptive  dike-like  intrusions  and  the  distinctly  rolled  fragments 
which  have  been  considerably  flattened  as  a  result  of  pressure.  The 
cleavage  or  foliation  of  this  conglomerate  has  a  direction  varying 
from  S.  18°  W.  to  S.  21°  WM  with  a  prevailing  southeasterly  dip 
at  a  high  angle. 

The  junction  between  this  rock  and  the  granites  and  gneisses  ex- 
posed to  the  south  was  seen  crossing  the  lake  about  three-quarters 
of  a  mile  from  the  foot  of  Southeast  bay.  The  line  of  outcrop  of  the 
granitite-gneiss  seems  to  form  a  considerable  angle  with  the  planes  of 
foliation  of  the  conglomerate,  intersecting  these  in  a  direction  of  S. 
53°  W.  Farther  to  the  south  the  granitite-gneiss  is  considerably 
mixed  with  a  much  more  basic  rock,  doubtless  either  a  gabbro  or  a 
gabbro-diorite,  which,  however,  appears  to  have  been  an  integral 
portion  of  the  same  magma  from  which  the  granitite-gneiss  has 
solidified.  The  gneiss  is,  as  a  rule,  very  granitoid  in  aspect,  some- 
times very  coarse-grained  and  even  porphyritic  in  structure,  while 
in  other  places  not  far  distant  it  is  of  medium  texture  and  distinctly 
foliated,  this  structure  being  determined  by  the  alternation  of  red- 
dish and  greenish-yellow  bands.  The  strike  of  this  foliation  varies 
from  N.  23°  E.  to  N.  33°  E.,  while  the  dip  is  to  the  northwest < 45* 
to  50°.  Under  the  microscope  a  precisely  similar  rock  from  the  South- 
west bay  is  seen  to  be  a  granitite-gneiss,  composed  of  orthoclase, 
plagioclase,  quartz,  chlorite(  derived  from  biotite  originally  present) 
and  epidote,  with  small  quantities  of  sphene,  apatite,  and  secondary 
calcite.  The  alternation  of  reddish  and  greenish-yellow  bands  so 
characteristic  of  this  rock  is  due  to  the  parallel  disposition  of  certain 
layers  of  feldspar  stained  by  iron  oxide,  with  others  in  which  the 
feldspars  present  have  undergone  extensive  saussuritization;  the 
resulting  scales  and  granules  of  sericite  and  epidote  arranging  them- 
selves in  a  more  or  less  definite  position  at  right  angles  to  the  direc- 


Digitized  by  Google 


2301  NIPISSINO  AND  TIMISKAMINO  REGION 

tion  of  pressure.  This  granitite-gneiss  and  associated  granitite,  with 
a  much  smaller  proportion  of  '  greenstone/  occupy  all  of  the  southern 
end  of  Southeast  bay,  and  are  continuous  with  the  large  mass  of 
essentially  similar  Laurention  rocks  exposed  in  the  region  to  the 
south. 

The  contact  between  the  granitite-gneiss  and  the  slate-conglomerate 
is  very  evidently  of  an  irruptive  character.  The  slate-conglomerate 
is  everywhere,  near  the  line  of  contact,  much  squeezed,  and  is  in 
places  penetrated  by  small 'dikes  of  the  irruptive  rocks  ;  while  frag- 
ments of  the  former  may  be  seen  caught  up  and  embedded  in  the 
gneissic-granite,  even  at  a  considerable  distance  from  the  line  of 
junction,  on  both  sides  of  the  bay.  Near  the  line,  the  matrix  of  the 
conglomerate  is  much  hardened  as  a  result  of  such  igneous  action, 
or  rendered  much  more  chloritic  and  epidotic  as  a  result  of  the  pres- 
ence and  percolation  of  heated  waters.  On  the  northeast  shore,  near 
the  contact  between  the  two  rocks,  the  foliation  of  the  granitite- 
gneiss  dips  to  the  northwest <  30°,  while  the  conglomerate  has  an 
almost  if  not  quite  vertical  attitude;  although  farther  to  the  north 
it  dips  to  the  northwest<  50°. 

The  southern  shore  of  the  main  body  of  Rabbit  lake  is  composed  of 
a  very  distinctly  and  evenly  bedded  slaty  graywacke,  of  grey  and 
greenish-grey  colours,  the  greenish  colours  being  due  to  the  relatively 
greater  abundance  of  sericite  and  chlorite.  The  strike  varies  from 
N.  18°  E.,  on  the  shore  opposite  Rabbit  point.,  to  N.  40°  E.  near  the 
northeastern  part  of  the  stretch,  curving  gently  with  the  trend  of  the 
shore.  The  banks  rise  rather  abruptly  from  the  waters  edge,  in 
places  forming  low  vertical  cliffs  of  slate,  especially  near  the  north- 
eastern portion.  The  effects  of  glaciation  are  very  marked.  The 
graywacke-slate  rests  conformably  upon  the  breccia-conglomerate 
which  forms  the  northeastern  shore  of  this  portion  of  the  lake  wher- 
ever any  outcrops  of  rock  occur,  the  bank  shelving  gently,  as  a  rule, 
towards  the  lake  with  a  gravel  or  ahingle  beach  along  the  water's 
margin. 

To  the  southwest  the  breccia-conglomerate  extends  to  Rabbit  point, 
as  well  as  along  the  east  shore  of  Northwest  bay  for  some  distance 
north  of  Rabbit  point.  The  various  exposures  of  this  conglomerate 
show  no  special  features  worthy  of  mention  in  this  place. 

Rabbit  point  is  a  narrow  projection  that  extends  into  the  lake 
from  the  north  side  of  the  junction  between  the  main  lake  and  North- 
west bay,  a  little  over  six  miles  from  Rabbit  chute.  The  rock  com- 
posing it  is  the  prevailing  breccia-conglomerate,  but,  as  in  most 
cases,  it  is  exceedingly  difficult  if  not  impossible  to  determine  any  lines 
of  stratification,  and  the  cleavage  or  foliation,  which  is  the  most 
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obvious  and  only  distinct  structural  feature  present,  has  a  strike  of 
15°  E.,  and  a  dip  S.  75°  E.<  80°. 

There  are  two  small  islands  about  the  centre  of  the  lake  a  short  dis- 
tance to  the  west  and  northwest  of  Rabbit  point.  The  larger  and 
more  northerly  of  these  is  composed  of  dark  greenish-grey  breccia- 
conglomerate,  the  matrix  of  which  has  a  distinct  slaty  cleavage. 
The  pebbles  and  boulders  are  composed  chiefly  of  red  and  grey 
granite,  and  sometimes  of  reddish-grey  gneiss.  The  inclusions  vary 
in  size  from  the  smallest  pebbles  to  boulders  two  feet  and  over  in 
diameter.  Besides  these  composite  fragments  there  are  a  great 
many  angular  pieces  of  feldspar,  which,  where  they  are  abundant, 
give  the  rock  a  pseudo-porphyritic  appearance.  Most  of  the  frag- 
ments are  composed  of  a  deep  flesh-red  granite,  showing  a  preponder- 
ance of  red  feldspar  with  a  less  quantity  of  grey  translucent  quartz, 
and  a  trifling  amount  of  green  chlorite  resulting  from  the  decom- 
position of  biotite.  Next  in  abundance  is  a  reddish-grey  granite  some- 
what more  basic  in  composition  than  the  last,  while  in  certain  in- 
stances occasional  rounded  fragments  of  a  distinctly  foliated  reddish- 
grey  gneiss  were  noticed.  Besides  these  there  are  fragments  that 
seem  to  be  referrable  to  some  of  the  finer  and  more  compact  slaty 
greywackes  of  the  Huronian. 

In  addition  to  this  distinctly  clastic  material  some  granite  inclus- 
ions were  seen  with  an  irregular  though  lenticular  outline,  pegmatitie 
in  structure  and  origin.  Such  patches  or  areas  were  sometimes  six 
and  even  eight  feet  in  length,  which  coincides  with  the  direction  of 
the  foliation  of  the  enclosing  rock.  The  strike  of  the  foliation, 
which  is  distinct,  is  N.  fi3  E.,  with  an  almost  vertical  attitude.  The 
smallest  of  these  islands  is  composed  of  a  very  similar  rock,  but  more 
massive  in  structure.  Around  the  included  masses,  especially  the 
larger  ones  of  granite,  the  rock  has  an  apparent  flow-structure,  with 
lines  conforming  as  closely  as  possible  with  the  outline  of  the  in- 
cluded fragments.  The  whole  rock-mass  has  very  evidently  been  sub- 
jected to  intense  pressure,  which  has  completely  destroyed  any 
bedded  structure  which  may  have  originally  existed  and  replaced  it 
by  a  more  or  less  perfect  jointed  structure. 

Opposite  these  islands,  and  forming  the  eastern  shore  of  the  lake, 
is  the  same  gTeenish-grey  breccia-conglomerate,  with  a  foliation 
striking  N.  8°  E.,  and  a  dip  to  the  east  varying  from  60°  to  nearly 
vertical.  To  the  south,  as  the  mass  of  diabase  or  gabbro  is  approached, 
the  breccia  becomes  much  more  contorted  and  broken  up.  The 
included  fragments  are  flattened  and  rendered  irregular  in  outline, 
and  the  whole  mass  exhibits  abundant  signs  of  pressure  and  altera- 
tion. 
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At  the  immediate  contact  the  conglomeration  does  not  contain  many 
fragments,  and  the  finer  slaty  matrix  is  sometimes  alone  represented ; 
but  a  short  distance  away  the  fragments  are  so  abundant  that  there  is 
very  little  of  the  finer  interstitial  material.  The  junction  between 
the  two  rocks  is  situated  a  little  over  a  mile  and  a  half  south  of  Rab- 
bit point.  It  is  very  sharply  defined  and  the  slaty  rock  along  the  line 
of  demarcation  is  much  broken  up  and  jointed,  although  the  cleav- 
age planes  conform  in  a  rude  way  with  the  line  of  outcrop  of  the 
greenstone.  The  slate  is  likewise  much  hardened,  as  a  result  of  the 
intrusion,  and  breaks  with  a  splintery  fracture.  The  greenstone, 
which  is  essentially  similar  to  most  of  these  basic  masses,  is  doubtless 
a  diabase,  possessing  a  dark  green ish-gxey  colour  and  of  medium 
texture.  In  places  it  has  a  decided  reddish  tinge,  owing  to  the  feld- 
spar being  stained  with  hydrous  oxide  of  iron.  This  greenstone  con- 
tains a  considerable  body  of  chloritic  and  epidotic  schist,  which  may 
have  resulted  from  the  shearing  of  a  portion  of  the  eruptive  itself, 
or  may  represent  an  extremely  altered  form  of  the  finer  matter  of 
the  breccia-conglomerate  caught  up  and  embedded  in  it. 

Towards  the  end  of  the  outcrop,  which  altogether  occupies  scarcely 
a  quarter  of  a  mile  of  shore-line,  the  rock  is  of  a  prevailing  grey 
colour,  and  much  coarser  and  gabbro-like  in  structure.  Southwards 
it  gives  place,  at  the  end  of  a  small  bay,  to  a  greenish-grey  feld- 
spathic  quartzite  associated  with  some  very  vitreous  flesh-red  quartz- 
ite.  In  general,  near  the  contact,  these  rocks  have  a  north  and  south 
trend,  but  about  an  eighth  of  a  mile  to  the  southeast  the  greenish-grey 
greywacke"  was  seen  apparently  striking  K.  23°  W.  and  dipping  north- 
easterly <  60°,  but  it  is  improbable  that  the  planes  represent  true 
bedding. 

The  mass  of  greenstone  described  above  seems  to  be  closely  con- 
nected genetically  with  the  large  mass  of  granite  and  similar  basic 
rock,  portions  of  the  former  occasionally  being  exposed  along  the 
southern  and  western  shores  of  Reuben  lake  to  the  west.  By  far 
the  greater  portion,  however,  of  the  shores  of  Reuben  lake,  show  out- 
crops of  the  breccia-conglomerate,  full  of  granitic  and  other  inclu- 
sions and  fragments,  and  much  hardened  and  altered.  It  seems  pro- 
bable that  not  only  is  the  large  mass  of  granitic  and  other  eruptive 
rock  in  close  proximity  to  the  west,  but  also  that  at  no  very  great 
depth  beneath  similar  rocks  prevail.  The  southern  and  eastern  shores 
of  the  southwestern  extremity  of  Southwest  bay  are  composed  of  the 
breccia-conglomerate  with  a  decided  slaty  or  schistose  structure.  On 
the  south  shore  the  direction  of  foliation  varies  from  S.  28°  W.  to 
S.  38°  W.  and  the  dip  southeast<  05°  to  70°.  The  rock,  although 
of  a  prevailing  light  greenish-grey  colour,  frequently  presents  pearly- 
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preen  cleavage-planes,  due  to  the  development  of  sericite.  In  this 
schistose  matrix  are  embedded  pebbles  and  fragments  composed 
chiefly  of  the  red  granite. 

Two  streams  enter  the  small  bay  forming  the  southwestern  end  of 
Southwest  bay.  Both  of  these  small  streams  come  from  the  west,  the 
more  northerly,  forming  the  outlet  of  Reuben  lake,  flows  down  steeply 
over  angular  nnd  detached  blocks  of  slate.  The  other  larger  and  more 
important  stream  comes  in  about  an  eighth  of  a  mile  from  the  foot 
and  drains  many  small  lakes  situated  to  the  west  and  northwest. 

The  northwestern  and  western  shores  of  this  small  bay  are  occupied 
by  the  greenish-grey  slaty  greywaeke"  and  breccia-conglomerate,  and 
at  one  place  near  the  stream  from  Reuben  lake  massive  and  jointed 
slaty  feldspathic  sandstone  forms  high  perpendicular  cliffs.  These 
rocks  extend  for  a  little  over  a  quarter  of  a  mile  along  the  shore  from 
the  mouth  of  this  stream,  where  they  are  interrupted  by  an  irruptive 
mass  composed  of  a  greenish-yellow  and  flesh-red  granite-gneiss  in 
alternating  layers.  Near  the  contact  the  granitic  inclusions  in  the 
breccia-conglomerate  become  more  irregular  in  outline,  and  many 
of  them  evidently  represent  dike-like  apophyses  of  an  originally 
plastic  mass  which  have  been  injected  through  the  various  cracks 
and  fissures  in  the  slaty  rock. 

This  gneiss  is  of  medium  texture,  and  the  foliation,  which  is  very 
distinct,  is  caused  by  the  parallel  arrangement  of  flesh-red  and  green- 
ish-yellow bands  in  alternating  sequence.  The  microscope  shows  the 
rock  to  be  composed  chiefly  of  orthoclase,  plagioclase,  quartz,  chlorite, 
(representing  the  biotite  originally  present)  and  epidote  with  smaller 
quantities  of  sphene,  apatite  and  secondary  calcite.  In  this  gneiss 
the  reddish  bands  owe  their  colour  to  the  predominance  of  feldspar 
stained  by  iron-oxide,  while  the  yellowish-green  portions  represent 
bands  in  which  the  feldspar  has  undergone  extensive  saussuritiza- 
tion.  The  strike  of  the  foliation  is  S.  58°  W.  and  the  dip  N.  32°  W. 
<  70. 

The  gneiss  occupies  the  shore  soxithward  as  far  as  the  stream 
which  comes  from  the  west,  a  distance  of  a  little  over  an  eighth  of 
a  mile.  It  evidently  represents  an  extension  of  the  much  larger  mass 
of  similar  rocks  exposed  in  the  region  to  the  south  and  southwest.  A 
mass  of  the  slate-conglomerate  was  seen  included  in  this  gneissic  rock 
with  granitic  intrusions  of  irregular  outline  traversing  it  in  various 
directions.  This  mass  does  not  extend  farther,  for  the  eastern  shore 
shows  continuous  exposures  of  a  very  fissile  and  altered  greywack£- 
slate.  This  slaty  rock  was  noticed  in  several  places  to  contain  frag- 
ments of  granite  and  feldspar,  while  at  other  places  they  are  rare. 
The  rock  has  evidently  been  subjected  to  somewhat  extensive  altera- 
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tion  and  deformation,  the  exposed  edges  showing  the  characteristic 
wrinkled  surface  of  slaty  rocks  which  have  been  exposed  to  great 
pressure.  The  strike  of  the  foliation  varies  from  N.  20°  E.  near  the 
foot  of  the  bay  to  N.  30°  E.,  near  the  northeast  end.  The  western 
shore,  south  of  the  mouth  of  the  small  stream  near  the  end  of  the  bay, 
is  likewise  composed  of  similar  slaty  rocks,  which  vary  in  strike  from 
N.  3°  E.  to  N.  13°  E.  These  evidently  belong  to  a  wedge-like  strip, 
which,  inland,  quickly  ends,  and  to  the  southwest,  is  represented  only 
by  a  number  of  detached  masses  caught  up  and  embedded  in  the 
granitoid  gneiss  exposed  on  the  southeastern  shores  of  Rankin  and 
Miller  lakes. 

The  western  shore  of  the  Northwest  bay  of  Rabbit  lake  is  com- 
posed of  the  prevailing  breccia-conglomerate,  but  generally  so  massive 
that  no  distinct  stratification  can  be  made  out,  although  usually  the 
rock  seems  to  strike  with  the  trend  of  the  shore  and  dip  towards  the 
lake.  At  one  place  it  forms  a  cliff  named  Echo  Bluff,  over  a  hundred 
and  fifty  feet  in  height.  A  little  over  a  mile  and  a  half  north  of 
Rabbit  point  this  slaty  rock  is  replaced  by  a  greenish-grey  diabnw 
which  occupies  the  shore  as  far  as  the  first  narrows,  nearly  two  miles 
farther  to  the  northwest.  Towards  each  side  of  the  mass  the  texture 
of  the  diabase  is  rather  fine-grained,  but  near  the  centre  it  is  much 
coarser  and  granitoid  in  structure,  and  as  a  great  deal  of  the  feldspar 
assumes  a"  flesh-red  tint  the  rock  bears  a  marked  macroscopical 
resemblance  to  a  basic  hornblendic  granite.  In  general,  however,  the 
rock  is  medium-grained  and  diabasic  in  structure  and  composition. 
This  basic  eruptive  extends  across  the  lake  to  the  northeast  shore, 
where  it  forms  a  small  patch,  the  strike  of  the  neighbouring  slaty 
rocks  curving  around  its  line  of  outcrop.  A  large  patch  of  the  green- 
ish-banded slates  was  noticed  caught  up  in  this  mass  of  greenstone, 
still  preserving  its  bedded  structure,  with  a  dip  of  X.  65°  W.<  45°. 
North  of  Rabbit  point,  on  the  east  shore  of  Northwest  bay,  the  brec- 
cia-conglomerate merges  gradually  upward  into  a  fine-grained  green- 
ish-grey feldspathic  sandstone,  interlaminated  with  much  finer- 
grained  and  darker  coloured,  banded  greenish  slates,  the  cleavage 
striking  N.  4°  E.,  with  easterly  dip<  80°.  The  dip  of  the  bedding 
seems  to  be  to  the  northeast  at  a  comparatively  low  angle.  This  com- 
pact greenish  grey  fine-grained  greywacke  was  examined  under  the 
microscope,  and  found  to  consist  chiefly  of  irregular  and  subangular 
fragments  of  quartz,  orthoclase  and  plagioclase  embedded  in  a  matrix 
composed  chiefly  of  chlorite  and  sericite,  which  give  the  prevailing 
greenish  tint  to  the  rock.  The  other  minerals  noticed  were  zircon, 
sphene,  ilmenite  accompanied  by  leucoxene,  tourmaline  and  large 
grains  of  apatite  and  epidote.  These  minerals  have  evidently  suffered 
but  little  abrasion  through  the  action  of  water. 
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To  the  north  of  the  small  area  of  greenstone  exposed  on  the  north- 
east side  of  this  bay  the  shore  is  occupied  by  greenish  slates,  banded 
by  the  alternation  of  dark-green  and  purplish  layers  which  merge  into 
one  another.  These  slates  have  a  strike  of  S.  42°  E.,  and  a  dip  to  the 
northeast  <  40°.  The  thin  section  shows  the  character  and  composi- 
tion of  these  bands  very  clearly.  Some  of  the  lighter  ones  exhibit  an 
augen  structure,  the  lenticules  being  composed  of  small  angular  frag- 
ments of  quartz,  with  a  lesser  proportion  of  feldspar.  Surrounding 
and  curving  around  them  are  the  darker-coloured  bands  which  derive 
their  colour  from  the  relatively  greater  abundance  of  small  opaque 
fragments  of  magnetite.  The  rock  in  general  may  be  said  to  be  com- 
posed of  a  fine-grained  groundmass  of  feldspar,  which*  is  now  greatly 
decomposed  into  sericite,  occurring  in  the  form  of  minute  light-yel- 
low-green scales,  chlorite  and  granules  of  epidote.  Irregular  areas 
composed  of  aggregates  of  chlorite  scales,  together  with  small  grains 
of  magnetite,  are  scattered  throughout  the  section. 

At  the  first  narrows,  about  three  miles  and  a  half  north  of  Rabbit 
point,  beautifully  banded  slates  of  a  prevailing  pale  greenish-grey 
colour  occur.  The  colour  striping  is  produced  by  the  occurrence  of 
darker  and  almost  black  folia  lines,  which  doubtless  represent  a 
relatively  greater  abundance,  in  these  portions  of  the  rock,  of  grains 
and  dust-like  particles  of  magnetite;  while  the  lighter-coloured 
bands,  originally  highly  feldspathic,  contain  a  considerable  quantity 
of  yellowish-green  sericite  in  minute  scales  and  flakes,  developed  at 
the  expense  of  the  feldspar,  together  with  a  little  chlorite  derived 
from  the  alternation  of  the  bisilicate  material  originally  present  in 
the  rock.  The  outcrop  is  not  far  removed  from  the  greenstone  mass 
exposed  on  the  opposite  or  southwest  shore,  and  seems  to  have  under- 
gone considerable  disturbance  as  well  as  alteration  at  the  time  of  the 
intrusion  of  the  greenstone,  the  slate  dipping  to  the  northwest  < 
30°. 

Beyond  this  the  lake  narrows  and  for  about  three-quarters  of  a  mile 
has  the  character  of  a  stream,  including  a  small  rapid.  A  little  above 
it  widens  out  again  into  a  small  lake-like  basin,  the  southwestern 
shores  of  which  are  composed  of  the  massive  greenstone. 

The  portage  into  White-bear  lake  begins  at  the  northwestern  end 
of  this  small  lake,  which  is  usually  considered  as  a  part  of  Rabbit 
lake,  although  not  on  the  same  level.  The  path  is  scarcely  half  a 
mile  in  length,  and  runs  on  the  north  side  of  the  stream,  which  here 
trends  nearly  east  and  west 

White-bear  lake  was  so  called  for  a  former  chief  of  the  Timagarai 
band  of  Indians.  As  will  be  seen  by  a  reference  to  the  map  it  has 
a  very  irregular  outline,  and  only  a  little  over  three  miles  of  the  south- 
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western  part  is  traversed  on  the  canoe-route  to  Timagami  lake,  the 
greatest  portion  of  the  lake  lying  to  the  northeast.  The  principal 
bays,  making  up  the  larger  portion  of  the  whole  surface,  have  a  trend 
a  little  east  of  north,  thus  coinciding  with  the  strike  of  the  clastic 
rocks  exposed  on  the  shores. 
These  are  connected  by  shorter  intervening  stretches,  excavated 

almost  at  right  angles  to  the  strike  of  the  rocks.  The  width  of  a 
quarter  of  a  mile  or  a  little  over  is  remarkably  uniform.  The  pre* 
vailing  clastic  rock  in  the  southern  and  western  part  of  the  lake  is 
the  breccia-conglomerate.  The  rock  is,  as  a  rule,  massive  and  jointed, 
and  the  cleavage,  which  is  the  only  structure  visible,  has  a  strike  of 
about  north  and  south  with  a  dip  to  the  east < 60°,  according  in  a 
general  way  with  the  line  of  outcrop  of  the  greenstone.  The  green- 
stone, or  diabase  as  it  seems  to  be,  occupies  the  whole  of  the  western 
shore  of  the  southern  bay.  as  well  as  the  large  island  near  the  eastern 
.  shore  about  the  central  part  of  the  lake.  It  also  forms  the  extremity 
of  White-bear  point  and  the  high  promontory  on  the  south  shore 
separating  the  eastern  from  the  western  portion  of  the  lake.  A 
small  mass  was  likewise  noticed  on  the  northwest  shore  of  the  lake 
about  a  mile  southeast  of  the  inlet  from  Friday  and  Obashkong  lakes. 

On  the  long  portage  between  White-bear  and  Bogie  lake  the  rock 
wherever  exposed  to  the  usual  breccia-conglomerate  shows  a  pre- 
ponderance of  granitic  fragments  enclosed  in  a  dark  greenish-grey 
chloritic  matrix.  In  the  northeastern  part  of  the  lake  the  lowest 
clastic  rock  overlying  this  breccia-conglomerate  is  a  dork  greenish- 
grey  fine-grained  grcywacke".  having  in  places  a  somewhat  slaty 
cleavage  corresponding  with  the  bedding.  The  dip  is  in  general  about 
S.  75°  E.<  25°.  This  passes  gradually  upward,  through  an  inter- 
laminated  lighter  coloured  feldspathic  sandstone,  into  a  yellowish- 
green  or  gTeenish-grey  quartzose  sandstone  or  grit,  much  coarser  in 
texture  and  more  massive  in  structure  than  the  greywacke. 

A  short  portage  intervenes  between  the  shallow  muddy  bay  forming 
the  western  extremity  of  White-bear  lake,  on  the  road  to  Timagami, 
and  another  shallow  arm  of  Crooked  lake  or  Ivinabigo-sminise  (Snake 
Island  lake.)  The  lake  has  its  greatest  length  from  northwest  to 
southwest  of  nearly  two  miles.  The  rock,  wherever  exposed,  is  the 
massive  breccia-conglomerate,  in  many  places  containing  numerous 
pebbles  and  fragments,  chiefly  of  red  granite,  embedded  in  a  dark- 
greyish  compact  feldspathic  matrix.  The  strike  of  the  most  distinct 
structural  planes,  doubtless  those  caused  by  pressure,  is  S.  47°  E. 
with  a  dip  to  the  northeast  <  G.r>°.  A  portage  of  less  than  a  quarter 
of  a  miles  separates  Crooked  lake  from  Caribou  lake,  the  trail  pass- 
ing over  a  considerable  rise  composed  of  the  breccia-conglomerate, 
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while  another  portage  of  nearly  the  same  length  intervenes  between 
Caribou  lake  and  the  small  bay  which  marks  the  northeastern  extrem- 
ity of  the  northeast  arm  of  Lake  Timagami.  Caribou  lake,  or  Sagiban- 
wanapikunk  is  scarcely  three-quarters  of  a  mile  long  and  the  rock  seen 
is  the  massive  breccia-conglomerate,  the  same  rock  continuing  over  the 
portage  to  Lake  Timagami.  This  lake  has  two  outlets,  the  ordinary 
and  larger  one  flowing  out  of  the  west  end  into  a  small  bay  to  the 
southeast  of  the  one  entered  by  the  portage,  while  during  times  of 
high  water  another  small  stream  flows  out  of  the  eastern  end  into 
Crooked  lake. 

Three  important  tributaries  or  branches  of  the  Matabitchouan  river 
enter  the  northern  part  of  White-bear  lake.  The  main  branch 
reaches  the  northwestern  corner  of  the  main  body  of  the  lake  about 
half  a  mile  north  of  White-bear  point.  This  stream  takes  its  rise  in 
Mountain  lake,  while  mauy  important  tributaries  enter  from  the 
west,  draining  the  larger  portion  of  the  rocky  granite  plateau  situated 
between  it  and  the  lakes  draining  towards  Lake  Timagami.  Another 
stream  flows  into  the  small  bay  marking  the  northeastern  extremity 
of  White-bear  lake,  affording  an  outlet  to  a  chain  of  waters  which 
extends  to  within  a  distance  of  two  miles  southwest  of  the  Montreal 
river.  The  third  branch  empties  into  the  same  bay  abo\it  three- 
quarters  of  a  mile  to  the  southwest  of  the  mouth  of  the  last,  draining 
several  lakes,  the  largest  of  which  is  known  as  Waibikaiginaiaing  or 
Reb  lake. 

Ascending  the  main  branch  of  the  Matabitchouan  a  portage  of 
nearly  half  a  mile  separates  Net  lake  from  White-bear  lake  into 
which  it  flows,  the  trail  being  to  the  northeast  of  the  connecting 
stream.  The  lake  has  a  general  trend  of  N.  36°  W.  and  the  distance 
from  portage  to  portage  in  a  straight  line  is  nearly  seven  miles.  The 
narrows  from  which  the  lake  takes  its  name  are  situated  a  little  over 
three  miles  from  the  White-bear  portage.  This  contraction  is  a  lit- 
tle over  half  a  mile  in  length  with  an  average  width  of  about  two 
hundred  feet.  South  of  the  narrows  a  bay  extends  from  this  part  to 
the  northeast  for  about  two  miles,  at  the  end  affording  an  entrance  to 
a  stream  that  drains  a  series  of  lakes  to  the  east  and  northeast. 

To  the  northwest  of  the  narrows  a  bay  extends  to  the  southwest 
for  about  a  mile  and  a  half.  A  comparatively  large  sheet  of  water, 
known  to  the  Indians  as  Kanichee-kinikisink  lake,  lies  to  the  north- 
west of  this  bay,  into  which  it  empties  by  two  outlets,  situated  about 
a  mjle  from  one  another.  The  northern  portion  of  the  lake,  towards 
the  inlet,  is  comparatively  narrow,  never,  as  a  rule,  exceeding  a 
quarter  of  a  mile  in  breadth,  and  frequently  contracted  to  a  quarter 
of  thU  distance.   The  outlet  from  Thieving-bear  lake  discharges  at  a 
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point  a  few  chains  from  the  northern  extremity  of  the  lake,  while  the 
stream,  from  Snare  and  Mannajigainia  lakes,  enters  this  lake  nearly 
a  mile  to  the  southwest  of  this  point 

The  rock  exposed  in  the  southeastern  end  of  Net  lake  is  a  massive 
compact  dark  greenish  feldspathic  sandstone,  associated  with  small 
areas  or  masses  of  intrusive  greenstone.  This  is  succceeded  to  the 
northwest  by  a  flesh-red  granitite  of  somewhat  coarse  texture,  com- 
posed of  reddish  feldspar,  greyish  translucent  quartz,  and  a  sparing 
quantity  of  greenish  bisilicate  material,  which  was  originally  biotite 
and  is  now  almost  completely  altered  to  chlorite.  This  rock  occupies 
the  whole  of  the  northeastern  shore  in  the  wide  space  to  the  south  of 
the  narrows.  It  also  composes  the  southwestern  shore  and  the  islands 
with  the  exception  of  about  half  a  mile  in  the  vicinity  of  the  narrows, 
where  there  are  outcrops  of  a  coarse  dark  greenish-grey  greenstone. 
The  shore-line  characterized  by  the  presence  of  these  rocks  is  fairly 
bold,  in  somewhat  marked  contrast  to  those  where  slaty  rocks  prevail. 
There  are  no  outcrops  of  rocks  in  the  narrows.  To  the  northwest  of 
the  narrows,  however,  the  shores,  as  well  as  the  bay  which  runs  to  the 
southwest,  show  many  outcrops  of  a  light  greenish-grey  slaty  rock, 
evidently  originally  a  compact  greywacke",  with  an  abundant  develop- 
ment of  sericite  along  the  planes  of  cleavage.  These  slates  or  sericite- 
schists  have  a  strike  in  accordance  with  the  general  trend  of  the  bay, 
which  is  northeast  and  southwest. 

The  southwestern  shores  of  Kanichee-kinikisink  are  generally 
composed  of  a  somewhat  similar  though  more  compact  slaty  grey- 
wacke\  but  the  northeastern  side  and  many  of  the  islands  exhibit 
greenstone,  which  seems  to  be  a  different  portion  of  the  same  magma, 
which  to  the  north  and  northeast  has,  for  the  most  part,  solidified  as 
a  biotite-granite  or  granitite.  The  shores  of  the  northern  portion  of 
Net  lake  are  composed  of  a  series  of  rounded  rocky  points  with  inter- 
vening marshy  or  grassy  bays,  the  rock  everywhere  exposed  being 
a  flesh-red  granitite  in  which  but  little  of  the  ferro-magnesian  con- 
stituent can  be  seen.  Occasional  small  patches  of  greenstone  were 
also  noticed  that  appeared  to  be  closely  related  to  the  granitite. 

A  short  stream  separates  Net  lake  from  Thieving-bear  lake,  with 
a  small  rapid  near  the  latter  and  a  much  larger  one  near  the  former. 
Th  ieving-bear  lake,  or  Mako-gimodiwi,  has  a  very  irregular  outline, 
being  completely  enclosed  by  comparatively  low  rounded  hills  of  the 
flesh-red  granitite.  It  has  three  feeders  from  the  north.  The  route 
from  Thieving-bear  lake  northward  to  Mountain  lake  follows  a 
succession  of  five  small  lakes  or  ponds,  the  largest  of  which  is  only  a 
little  over  a  quarter  of  a  mile  in  length,  united  by  small  streams. 
The  whole  distance  is  about  three  miles  by  the  stream  and  the  general 
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direction  nearly  north.  The  valley  is  as  a  rule  somewhat  narrow  and 
shallow,  the  hills  on  either  side  sometimes  rising  abruptly  from  the 
water.    The  rock  throughout  is  the  prevailing  flesh-red  granitite. 

Mountain  lake  has  a  general  trend  of  a  little  north  of  east,  and 
is  about  three  miles  in  length  in  this  direction.  The  western  half  of 
the  lake,  out  of  which  the  portage  goes  to  Breeches  lake,  is  a  long 
narrow  and  shallow  bay,  and  the  rocks  wherever  visible  are  flesh-red 
granitite.  The  main  body  of  the  lake  is  nearly  three-quarters  of  a 
mile  wide,  while  the  enclosing  rocky  shores  are  everywhere  composed 
of  the  massive  greenstone.  The  portage  from  Mountain  lake,  which 
here  marks  the  height-of-land  between  the  Matabichouan  and  Tima- 
gami  waters,  passes  over  the  side  of  a  hill,  the  highest  point  on  the 
trail  being  160  feet  above  Mountain  lake..  Breeches  lake,  or  Kawagan- 
chigania,  is  small.  It  empties  into  a  pond  which  in  turn  discharges 
into  a  bay  of  Annima-Nipissing  lake.  A  portage  of  only  three  chains 
separates  Breeches  lake  from  the  small  pond,  while  another  scarcely 
an  eighth  of  a  mile  brings  the  traveller  to  the  large  and  important 
sheet  of  water  known  as  Annima-Nipissing  lake. 

Ascending  the  stream  flowing  into  the  northwestern  bay  of  Net 
lake,  about  four  and  a  quarter  miles  from  tne  White-bear  portage,  the 
channel  of  the  creek  is  utilized  for  a  little  over  a  quarter  of  a  mile, 
when  a  very  short  carry  is  necessary  to  reach  Ferguson  lake.  Dun- 
can lake,  the  next  expansion  encountered,  is  practically  on  the  same 
level,  being  separated  by  about  a  quarter  of  a  mile  of  stream  with 
little  current.  The  shores  of  both  Duncan  and  Ferguson  lakes  slope 
gently  and  show  no  rock.  The  second  portage  going  from  the  west 
end  of  Duncan  lake  at  the  stream  from  Petrout  lake  i6  about  forty- 
five  chains  in  length,  and  runs  over  hills  which  are  composed  chiefly 
of  the  flesh-red  granitite.  Within  a  short  distance  of  the  east  end  of 
tne  portage  this  rock  is  succeeded  by  breccia-conglomerate  of  the 
usual  character,  which  outcrops  on  the  west  short  of  Petrout  lake  a 
short  distance  north  of  this  portage.  On  the  opposite  side  of  the  lake 
a  coarse  greenish-grey  quartzite-grit  may  be  seen  resting  directly 
upon  the  dark  greenish-grey  slaty  rock.  The  junction  is  close  to  the 
edge  of  the  water  and  is  sharp,  without  any  of  the  customary  transi- 
tion from  one  rock  to  the  other.  Both  rocks  dip  to  the  east  at  a 
comparatively  low  angle.  The  southern  end  of  Petrout  lake  is  a 
shallow  muddy  bay,  and  the  portage  into  Lily  lake  is  along  the 
boulders  in  the  stream.  The  rock  on  the  west  side  of  Lily  lake  is 
tne  breccia-conglomerate,  showing  the  usual  fragments  of  red  granite, 
while  on  the  east  side  the  slates,  which  arc  above,  are  themselves 
overlain  by  the  quartzite-grit  that  rises  into  rather  high  hills  a  short 
distance  east  of  the  lake. 
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A  portage  of  seven  chains  separates  Peeshabo  lake  from  Lily  lake 
into  which  it  empties.  The  rock  on  the  northern  and  southwestern 
shores  of  the  lake  is  the  breccia-conglomerate  presenting  no  unusual 
features.  A  mass  of  fleah-red  granite  .evidently  co-extensive  with  the 
one  exposed  on  the  southeastern  portion  of  Net  lake,  comes  out  on  the 
west  shore  of  the  lake,  occupying  a  little  over  half  a  mile  of  shore- 
line and  an  off-lying  island.  On  Bogie  lake,  to  the  south  of  Peeshabo 
lake,  the  prevailing  rock  is  again  breccia-conglomerate.  A  portage  of 
three  chains  separates  it  from  Peeshabo  lake.  A  trail  nearly  a  mile 
and  a  half  long  runs  from  the  southwestern  end  of  Bogie  lake  to  a 
hunting  camp  on  the  north  shore  of '  White-bear  lake,  about  half  a 
mile  northeast  of  the  inlet  from  Net  lake.  The  rocky  ridges  over 
which  it  runs  are  all  composed  of  the  greenish-grey  breccia-conglom- 
erate. 

To  the  north  of  Petrout  lake  a  portage  thirteen  chains  in  length 
leads  into  Granite  lake,  about  a  mile  and  a  half  in  length,  although 
it  is  only  about  three-quarters  of  a  mile  from  the  portage  at  the  out- 
let to  that  at  the  mouth  of  the  inlet  on  the  east  side,  about  half  way 
up  the  lake.  A  short  carry  of  a  little  over  a  quarter  of  a  mile  of 
creek  intervenes  before  James  lake  is  reached.  Granite  lake,  as  the 
name  implies,  is  completely  surrounded  by  granite,  with  the  excep- 
tion of  small  masses  of  greenstone  on  the  southern  and  southeastern 
shores.  The  shores  of  the  southern  part  of  James  lake  show  ex- 
posures of  greenstone,  associated  with  patches  and  areas  of  a  dark 
greenish-grey  feldspathic  sandstone  through  which  it  seems  to  be 
intrusive.  The  northern  end  of  the  lake  is  all  composed  of  the 
flesh-red  granitite. 

The  portage  from  James  lake  to  Waibaikaignaising  lake  starts 
from  a  point  on  the  east  shore  of  the  former,  about  half  a  mile  north 
of  the  outlet.  It  is  nearly  thirty-five  chains  in  length,  and  comes  out 
on  the  west  side  of  a  small  basin,  forming  the  southwestern  extremity 
of  Waibikaiginaising  lake.  The  outlet  of  this  lake  flows  to  the  south 
from  this  basin-like  expansion,  ultimately  reaching  White-bear  lake 
about  three-quarters  of  a  mile  southeast  of  its  northeastern  extremity. 
Waibikaiginaising  or  Rob  lake  is  a  little  over  six  miles  in  length,  and 
has,  in  general,  a  trend  of  a  little  west  of  north.  About  half  a  mile 
from  the  northern  end  a  boulder  obstruction,  doubtless  of  inorainic 
origin,  runs  almost  completely  across  the  lake  at  right  angles  to  its 
general  direction,  leaving  only  a  very  narrow  channel  near  the  west- 
ern side.  The  western  shore  of  the  lake,  wherever  rock  exposures 
were  seen,  is  underlain  by  the  breccia-conglomernte  presenting  the 
usual  dark  greenish-grey  matrix  with  embedded  fragments  and  peb- 
bles of  eruptive  material.    The  eastern  shores  of  the  southern  half  of 
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the  lake  show  rather  continuous  exposures  of  the  well  banded  green- 
ish, compact  greywacke'-slates,  upon  which  is  superimposed  the  coarse 
yellowish-green  quartzite-grit,  both  rocks  dipping  to  the  east<  25°. 
Both  shores  of  the  northern  part  of  the  lake  are  composed  of  the 
quartzite-grit  as  far  as  the  inlet  from  Johnny  lake. 

The  portage  into  Johnny  lake  is  nearly  eighteen  chains  long  and 
runs  to  the  northeast  of  the  creek  connecting  the  two  lakes.  Here  a 
mass  of  greenish-grey  diabase  intersects  the  quartzite,  rising  into 
somewhat  high  and  precipitous  cliffs.  This  belt  of  diabase  is  about 
half  a  mile  in  width  and  is  evidently  an  extension  eastward  of  the 
huge  mass  exposed  on  the  shores  of  Annima-Nipissing  and  Moun- 
tain lakes.  The  shores  and  islands  of  tho  northern  part  of  Johnny 
lake  are  composed  of  the  massive  and  compact  breccia  and  conglom- 
erate, much  jointed  and  broken  and  filled  with  very  numerous  pebbles 
and  fragments  of  various  eruptive  rocks. 

The  stream  from  Cliff  lake  empties  into  Waibikaiginaising  lake 
at  a  small  indentation  of  its  eastern  side,  a  little  over  two  miles  from 
the  south  end.  The  portage  is  about  thirty  chains  in  length  and  runs 
a  short  distance  north  of  the  stream.  The  canoe-route  utilizes  only 
the  northern  part  of  Cliff  lake,  coming  in  at  the  northwest  corner 
and  going  out  at  the  end  of  the  small  bay  running  to  the  northeast. 
The  lake  itself  is  about  a  mile  and  a  quarter  in  length  and  has  a 
general  trend  a  little  west  of  north.  The  yellowish-green  quartzite- 
grit  rises  into  high  hills  on  either  side  of  the  lake,  especially  towards 
the  east,  where  high  precipices  mark  the  western  faces  of  hills  that 
rise  to  an  elevation  of  from  400  feet  to  500  feet  above  the  lake.  These 
hills  present  less  abrupt  though  still  steep  slopes  on  their  eastern  side 
to  the  west  of  Friday  lake.  The  strike  of  these  greenish  quartzites 
runs  from  "N.  25°  W.  in  the  southern  part  of  the  lake  to  nearly  north 
at  the  northern  extremity,  while  the  dip  is  to  the  east<  20°  to  25°. 
The  portage  from  Cliff  lake  to  Summit  lake  follows  up"  a  steep  gully 
between  high  ridges  of  quartzite  to  the  south  and  others  of  diabase  to 
the  north.  The  highest  point  on  the  trail  is  190  feet  above  Cliff  lake 
and  is  only  six  chains  west  of  Summit  lake,  while  the  fall  towards  the 
latter  is  seventy  feet.  The  lake  itself  is  only  a  small  pond  about  a 
quarter  of  a  mile  in  length,  the  outlet  flowing  from  the  northeast 
comes  into  a  beaver-meadow  and  thence  eastwards  to  Friday  lake. 
The  northwest  shore  of  Summit  lake  is  composed  of  diabase,  an  ex- 
tension in  this  direction  of  the  band  crossing  the  foot  of  Johnny  lake, 
while  the  rest  of  the  shore-line  shows  outcropB  of  the  greenish  quart- 
zite. The  next  portage  runs  from  the  northeast  end  of  Summit  lake 
to  a  beaver  marsh,  along  the  eastern  margin  of  which  the  path  runs 
for  some  distance,  when  it  turns  eastward  towards  Friday  laka. 
4330-16 
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Friday  lake  is  completely  enclosed  by  hills  of  coarse  sea-green  feld- 
spathic  sandstone  or  quartzite-grit.  The  lake  has  a  general  direction 
of  a  little  west  of  north  and  is  four  miles  in  length,  with  an  average 
width  of  a  quarter  of  a  mile.  A  trail  a  little  over  half  a  mile  in 
length  runs  from  a  small  bay  on  the  east  side  of  the  lake,  about  a 
mile  from  the  north  end,  to  a  small  expanse  of  water  that  we  called 
Wilson  lake  and  which  has  the  distinction  of  being  the  highest  lake 
of  which  we  have  a  record  throughout  the  entire  area  of  the  present 
map-sheet,  being  about  1177  feet  above  the  sea. 

To  the  northwest  of  Friday  lake  a  short  portage  runs  to  Prud- 
homme  lake,  the  southern  part  of  which  is  extremely  shallow  and  is 
enclosed  by  the  greenish  quartzite,  but  the  narrows  beyond  show  out- 
crops of  diabase  which  appear  to  belong  to  a  belt  over  an  eighth  of  a 
mile  in  width,  forming  a  continuation  in  this  direction  of  the  mass 
exposed  to  the  northwest  of  Summit  lake.  Northwestward  it  runs 
towards  the  large  mass  which  characterizes  the  district  on  either  side 
of  the  Montreal  river  in  the  vicinity  of  Horner  chute,  with  which  it 
seems  to  be  continuous.  The  southwestern  shores  of  the  northern 
part  of  Prudhomme  lake  show  outcrops  of  the  greenish  quartzite 
striking  N.  25°  W.  and  dipping  S.  65°  W.  <  36°,  while  on  the  oppo- 
site side  the  underlying  slates  dip  S.  70°  W.  <  35°. 

Between  Friday  and  White-bear  lakes  the  distance  in  a  straight 
line  is  about  six  miles  and  a  half,  and  the  valley  occupied  by  the 
connecting  stream  and  lakes  shows  a  gradual  bending  around  from  a 
little  east  of  south  to  southwest.  The  river  shows  alternating  deep 
stretches,  some  of  them  through  extensive  beaver-meadows,  connected 
by  narrow  rocky  or  boundary  spaces  which  require  to  be  portaged. 
Five  portages  at  least  have  to  be  made  before  reaching  the  small  lake 
crossed  by  Nivens  meridian  line,  to  avoid  these  rough  pieces  of 
stream.  The  stream  is  utilized  for  about  three-quarters  of  a  mile  be- 
low this  small  lake  where  a  portage  over  half  a  mile  in  length  is 
made  to  avoid  the  rough  and  obstructed  river.  A  trail  a  little  over 
half  a  mile  long  runs  from  the  foot  of  this  portage  to  Bear  lake 
to  the  east  of  this  point.  Below  this  portage  the  stream  meanders 
with  a  comparatively  deep  though  crooked  channel  for  a  distance  of 
nearly  a  mile,  when  a  short  portage  is  made  on  the  northeast  side  of 
the  stream  into  Obashkong  lake.  This  lake  is  about  two  miles  in 
length. 

Bear  lake,  which  flows  into  the  Matabitchouan  river  below  Rabbit 
rhute,  has  a  general  trend  of  nearly  north-and-south,  and  is  a  little 
over  six  miles  in  length.  It  rarely  measures  a  quarter  of  a  mile  in 
width.  The  shores  are  everywhere  composed  of  greenish  quartzite 
with  some  associated  intrusive  greenstone  at  the  southern  end.  There 
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are  two  outlets,  both  of  which,  however,  unite  in  a  small  lake  to  the 
south.  The  stream  is  rarely  travelled  and  the  country  on  either  side 
is  exceedingly  rough  and  uneven.  Three  small  lake-like  expansions 
intervene  between  Bear  lake  and  the  Matabitchouan,  united  by 
rough,  rocky  and  usually  rapid  channels.  The  slate  which  underlies 
the  quartxite  is  not  met  with  until  the  immediate  vicinity  of  the  Ma- 
tabitchouan river  is  reached. 

Macdonald  creek. 

The  rocks  seen  along  this  stream  are  particularly  interesting  and 
throw  considerable  light  on  the  structural  relations  existing  between 
the  Laurent  ian  and  Huronian.  The  stream  has  never  been  much 
used  as  a  canoe-route,  and  therefore  need  not  be  described  at  length. 
It  consists  of  a  series  of  lakes  united  by  shallow  rocky  or  bouldery 
channels,  which  necessitate  frequent  portages.  From  the  outlet,  at 
the  northeast  corner  of  the  Fourth  Bass  lake  on  the  Matabitchouan 
river,  to  Moxam  lake  it  occupies  a  gently  curving  valley  with  a 
general  southerly  direction,  but  the  extension  of  this  depression 
southward  meets  rising  land  which  forms  a  watershed  in  this  direc- 
tion. The  upper  portion  of  the  stream  from  Moxam  to  Ross  lake 
occupies  a  valley  trending  almost  northwest.  Ross  lake,  marking  the 
headwaters,  is  only  a  couple  of  feet  lower  than  Rabbit  lake,  a  de- 
cided hollow  connecting  the  two  lakes,  and  during  times  of  freshet  a 
certain  amount  of  the  water  of  Rabbit  lake  escapes  into  Ross  lake. 
The  first  three  expansions  at  the  head  of  this  stream,  viz :  Ross,  Bur- 
wash  and  Moxam  lakes,  differ  little  in  level,  and  the  short  stream 
connecting  them  exhibits  very  little  current.  From  Moxam  lake, 
however,  down  to  the  mouth,  the  fall  is  seventy  feet,  most  of  which 
occurs  between  Cooper  lake  and  the  Matabitchouan,  this  distance  of 
a  little  over  half  a  mile  showing  a  fall  of  fifty  feet. 

The  shores  of  Ross  lake  are  composed  of  a  coarse  red  granitoid- 
gneiss,  evidently  by  its  composition  a  granitite.  Some  portions  are 
more  basic  in  composition  and  darker  in  colour  where  the  biotite  has 
segregated  during  its  consolidation,  and  these  patches  or  areas  show 
a  very  distinct  foliation.  In  some  outcrops  the  rock  is  porphyritic 
and  the  nhenocrysts  of  flesh-red  feldspar  are  developed  in  a  finer- 
grained  feldspathic  groundmass  showing  streaks  of  yellowish-green 
ppidote.  At  one  point  on  the  west  shore  a  mass  of  fine-grained  green- 
stone was  seen  associated  with  the  granite  in  such  a  way  that  both 
had  apparently  solidified  from  the  same  magma,  differing  only  in 
their  rate  of  cooling.  The  gneissic  rock  is  certainly  newer  than  the 
greenstone,  irregular  dike-like  masses  of  the  former  penetrating  and 
ramifying  through  the  latter. 
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The  point  on  the  southeastern  shore  of  this  lake  towards  the  outlet 
is  occupied  by  the  prevailing  breccia-conglomerate  holding  pebbles 
chiefly  of  reddish  and  reddish-grey  granite.  These  inclusions  vary 
greatly  in  size,  some  being  as  much  as  three  feet  across.  Occasional 
fragments  are  quite  angular  in  outline,  some  are  subangular,  while 
the  majority  have  been  more  or  less  perfectly  rounded.  The  contact 
between  this  comparatively  small  area  of  clastic  rock  and  the  gran- 
itite-gneiss  in  which  it  is  doubtless  embedded  was  not  seen,  although 
only  a  short  distance  intervened  between  the  exposures  of  the  two 

rocks.  The  greater  portion  of 
the  small  island  in  the  southern 
part  of  the  lake  is  composed  of 
coarse  reddish  granitite-gneiss. 
The  island  runs  in  a  northeast  dir- 
ection and  is  about  three  chains  in 
length.  Its  northeastern  point  is 
composed  of  the  breccia-conglom- 
erate, full  of  small  pebbles  as  well 
as  angular  fragments,  chiefly  of 
red  and  grev  granite.  The  con- 
tact between  the  two  rocks  is  sharp 
and  jagged  and  re-entering  angles  filled  with  the  material  of  one  rock 
penetrate  the  substance  of  the  other. 

The  rock  near  the  northwest  end  of  Burwash  lake  is,  as  a  rule,  well 
foliated  and  of  a  deep  flesh-red  colour,  the  strike  being  N.  19°  E.  and 
the  dip  northwest  at  a  high  angle.  Some  of  the  gneiss  is  very  massive 
and  granitoid,  in  places  porphyritic,  the  phenoerysts  of  feldspar 
being  very  sharply  outlined  in  a  dark-greenish  chloritic  matrix.  This 
rock  seems  to  be  the  prevailing  flesh-red  granitite-gneiss,  the  biotite 
originally  present  being  decomposed  to  chlorite.  Similar  rock  is  pre- 
sent on  the  northwest  shore  of  Moxam  lake,  striking  N.  29°  E.  and 
dipping  southeasterly  <  60°. 

On  the  southeast  side  of  Moxam  lake,  in  the  southern  part,  and  also 
in  the  bay  running  to  the  southeast,  the  gneiss  is  not  only  very  dis- 
tinctly foliated,  but  well  laminated.  It  is  the  usual  interlamination 
of  the  reddish  and  greyish  granitite,  presenting  the  common  alterna- 
tion of  lighter  and  darker  coloured  bands.  The  strike  is  N.  48°  E., 
and  the  dip  southeast  <  53°. 

The  gneissic  rocks  in  the  vicinity  of  the  narrows  in  the  northeastern 
part  of  the  lake  show  a  gradual  curving  around  in  strike  from  N.  4° 
W.  at  the  southern  end  to  N.  40°  E.  a  little  to  the  north  of  this  con- 
traction, while  the  angle  of  inclination  varies  from  45°  to  60°.  At  one 
point  on  the  northwest  shore,  nearly  three-quarters  of  a  mile  from  the 
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outlet,  the  granitite-gneiss  is  of  a  deep  flesh-red  colour  weathering  on 
exposure  to  a  brick-red.  It  is  massive,  distinctly  foliated,  but  much 
affected  by  jointing,  so  that  it  is  exceedingly  difficult  to  obtain  a 
hand  specimen.  Small  patches  of  a  dark-green  chloritic  slate  are  em- 
bedded in  this  rock,  running  for  the  most  part  with  the  foliation. 
The  slate  is  evidently  much  altered  and  full  of  shearing  planes,  which 
are  abundantly  coated  with  the  usual  greenish  products  of  alteration. 
This  clastic  rock  contains  small  lenticular  granitite  dikes,  besides 
some  ill-defined  areas  of  a  similar  rock  somewhat  coarser  in  texture, 
that  doubtless  represent  squeezed  and  stretched  pebbles  and  frag- 
ments. The  hand  specimen  from  which  the  thin  section  examined 
was  taken  shows  a  dark-green  slaty  rock  penetrated  by  tongues  or 
dikes  of  a  dark-red  felsite.  Under  the  microscope  the  dark -green 
portion  is  seen  to  be  a  typical  clastic  rock  with  subangular  and  round- 
ed fragments  of  orthoclnse,  plagioclase  and  quartz  embedded  in  a 
finer-grained  groundmass  composed  chiefly  of  epidote  and  chlorite, 
which  have  doubtless  resulted  from  the  mutual  reaction  of  the  feld- 
spar and  bisilieates  originally  present.  Sphene  in  irregular  grains, 
and  some  pyrite,  were  noted  scattered  through  the  section.  The  little 
tongues  or  dikes  of  felsite  are  seen  to  be  composed  of  orthoclase  and 
quartz  chiefly,  together  with  some  plagioclase.  The  minerals  arc  much 
bent,  cracked  and  broken,  and  have  been  recemented  by  chlorite  and 
epidote.  The  whole  rook  has  been  profoundly  sheared  and  has  evi- 
dently been  derived  from  a  fine-grained  greywacke  formed  from  the 
degradation  of  a  granite,  this  rock  being  subsequently  penetrated  by 
the  fine-grained  felsite  dikes.  These  dikes  are  all  intensely  shattered, 
and  the  feldspar  affords  beautiful  examples  of  twinning  striations 
resulting  from  pressure.  The  cracks  are  filled  with  sericite,  chlorite 
and  epidote. 

On  the  shore  southeast  of  the  island  in  the  northern  part  of  Moxam 
lake  the  gneiss  is  very  evenly  foliated  by  the  alternating  sequence  of 
massive  red  feldspathic  layers,  which  in  themselves  show  marked 
parallelism,  and  dark-green  chloritic  bands,  the  whole  dipping  S.  47° 
E.  <  75°.  A  few  chains  to  the  northeast  the  ordinary  greyish  grani- 
tite-gneiss  with  very  even  foliation  dips  S.  <  40°  E.  40°.  At  a  point 
on  the  east  side  of  the  lake  a  little  over  an  eighth  of  a  mile  from  the 
outlet  there  is  a  dark-green  distinctly  bedded  rock  (greywack6)  asso- 
ciated and  interfoliated  with  bands  and  irregular  patches  of  the 
massive  reddish  granitite-gnoiss  intrusive  through  it.  The  rock 
resembles  very  closely  a  highly  altered  feldspathic  sandstone,  when 
broken  phenocrysta  of  feldspar  were  noticed  embedded  in  the  greyish 
groundmass.  The  strike  of  the  foliation  is  N.  13°  W.  and  dip  N. 
77°  E.  70°. 
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On  the  opposite  side  of  the  lake  also  the  dark-red  massive  granite- 
gneiss  contains  a  good  deal  of  the  highly  altered  greenish-grey  slaty 
rock.  At  the  lower  end  of  the  portage  going  north  from  Moxam 
lake  the  usual  reddish  granitite-gneiss  occurs,  striking  N.  30°  W.,  and 
dipping  east  <  50°.  Apparently  caught  up  in  the  mass  of  this  gneiss 
are  some  patches  of  dark-grey  slaty  rock,  very  much  hardened  and 
altered  and  beautifully  banded  by  the  occurrence  of  layers  rich  in  yel- 
lowish-green epidote.  To  the  north  of  this,  almost  in  the  bed  of  the 
stream,  are  outcrops  of  similar  gneiss  containing  many  dark-greenish 
bands  composed  chiefly  of  chlorite  and  epidote.  They  doubtless  repre- 
sent portions  of  highly  altered  clastic  material  and  associated  with 
these  are  some  larger  irregular  patches  of  undoubted  feldspathic  sand- 
stone. These  smaller  interfoliated-  bands  have  evidently  undergone 
extensive  recrystallization,  thus  masking  their  original  structure,  but 
this  stratified  appearance  is  in  marked  contrast  to  the  intrusive  aspect 
of  the  granitite-gneiss.  The  foliation,  produced  essentially  by  pres- 
sure, has  a  strike  of  N.  2°  W.,  and  a  dip  easterly  <  65°.  A  little 
north  of  the  mouth  of  this  creek  outcrops  of  the  massive  red  granite- 
gneiss  contain  squeezed  fragments  of  clastic  material  often  of  very 
irregular  outline,  the  strike  of  the  whole  exposure  being  N.  21°  E. 

On  the  east  side  of  the  small  lake  below  Moxam  lake  a  rock  com- 
posed of  alternating  folia  of  red  and  dark-green  material  was  seen 
striking  N.  2°  W.,  and  dipping  to  the  east  at  a  high  angle.  A  similar 
rock  outcrops  at  the  southern  end  of  Glasford  lake,  the  strike  being 
N.  9°  W.,  and  the  dip  towards  the  east  <  60°.  The  hand  specimen 
examined  showed  a  foliated  rock  consisting  of  a  fine-grained  chloritic 
groundmass  of  a  dark-green  colour,  through  which  runs  irregular  wavy 
tongues  of  a  bright  red,  fine-grained  felsitic-looking  rock.  In  its 
microscopic  character  it  bears  a  marked  resemblance  to  the  rock 
occurring  on  the  west  shore  of  Moxam  lake,  but  in  the  case  of  the 
chlorite  which  is  abundantly  developed  throughout  it,  its  origin  is 
pfainly  seen  to  be  from  hornblende  (cores  of  this  mineral  occurring 
surrounded  by  the  chlorite.)  The  feldspar  is  very  turbid  and  is  stained 
•throughout  by  oxides  of  iron;  a  bright  yellow,  strongly  pleochroic 
epidote  is  very  abundant  in  the  section. 

The  southern  part  of  Glasford  lake  is  occupied  by  the  massive  red 
gneissic  granite  which  seems  to  be  composed  chiefly  of  flesh-red  feld- 
spar and  greenish  chlorite  or  hornblende,  or  perhaps  both.  The  strike 
curves  around  from  north  to  northeast  with  an  easterly  to  south- 
easterly dip  45°  to  <  60°.  This  is  followed  by  a  compact  greyish 
slaty  rock  with  granite  inclusions,  some  of  which  are  pebble-like  in 
outline  and  appearance,  while  others  evidently  represent  approximately 
parallel  small  lenticular  intrusive  dikes  of  the  neighbouring  granitic 
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rock.  This  characterizes  the  shore  for  nearly  a  quarter  of  a  mile,  and 
may  represent  a  tongue  or  extension  of  the  main  mass  of  similar 
Huronian  strata  to  the  southwest. 

To  the  northward  it  may  be  continuous  with  an  outcrop  of  breccia- 
conglomerate  that  occurs  on  the  west  shore  of  Cooper  lake,  near  its 
southern  end.  The  northern  part  of  Glasford  lake  is  occupied  by 
massive  red  granitite-gneiss,  with  which  is  associated  some  greenstone, 
such  areas  seemingly  representing  the  primary  or  first  formed  secre- 
tions from  the  same  magma,  the  cooling  of  which  produced  the  asso- 
ciated granitite-gneiss.  From  this  to  the  second  little  expansion  below 
Glasford  lake  gneiss  is  the  prevailing  rock,  the  strike  being  N.  19°  E. 
At  one  point  in  the  narrows  this  gneiss  contains  bands  and  small 
irregular  inclusions  of  a  dark-green  hornblendic  rock.  The  inlet  into 
Cooper  or  McDonald  lake  is  occupied  by  a  massive  red  and  reddish- 
green,  often  porphyritic,  granitite-gneiss,  striking  N.  3°  E.  and  N.  11° 
E.,  and  dipping  to  the  east  at  high  angles. 

The  shores  of  Cooper  lake  are  occupied  chiefly  by  a  flesh-red  grani- 
tite-gneiss, in  some  cases  porphyritic,  weathering  greyish,  especi- 
ally when  burnt  over.  The  foliation,  which  is  not  very  apparent  in 
places,  is  sometimes  brought  out  more  strongly  by  the  more  or  less 
parallel  alignment  of  certain  ill-defined  patches  of  more  basic  material. 
The  rock  is  composed  essentially  of  flesh-red  feldspar,  chiefly  ortho- 
clase,  and  more  or  less  greyish  quartz,  this  latter  material  being  often 
present  in  vein-like  streaks  and  patches,  evidently  pegmatitic  both  in 
origin  and  structure.  The  little  ferro-magnesian  material  present 
is  apparently  biotite,  which  has  undergone  somewhat  advanced  chlori- 
tization.  This  is  associated  with  a  massive  medium-textured  green- 
stone, the  irruptions  of  the  two  rocks  evidently  being  very  closely  syn- 
chronous. The  prevailing  strike  of  the  foliation,  wherever  apparent, 
is  from  northeast  to  southwest.  On  the  west  shore  of  the  lake,  south 
of  the  narrows,  a  patch  of  the  dark  greenish-grey  breccia-conglomerate 
comes  in.  apparently  forming  a  huge  mass  caught  up  during  the  in- 
trusion of  the  granite.  It  contains  the  usual  pebble-like  and  other 
forms  of  granitie  material,  while  the  matrix  in  which  these  are  con- 
tained has  the  customary  dark  greenish-grey  colour.  This  rock  occu- 
pies the  shore  for  about  an  eighth  of  a  mile.  The  contact  between  this 
clastic  and  the  red  granitite-gneiss  to  the  north  is  irregular  and  ill- 
defined,  irregular  dike-like  forms  and  patches  of  the  latter  penetrating 
the  mass  of  the  slate.  The  bedding  of  the  slaty  rock  abuts  on  the  dim 
foliation  of  the  gneiss,  the  slate  striking  X.N.W.,  while  the  direction 
of  the  foliation  of  the  granitite-gneiss  is  southwest. 

Tnis  patch  of  slate  is  interrupted  to  the  south  by  a  red,  very  feld- 
spathic,  granite,  which  continues  along  the  shore  for  about  six  chains, 
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when  it  in  turn  gives  place  to  the  dark-greenish  slaty  rock,  similar  to 
the  mass  already  described,  which  occupies  this  side  of  the  lake  to  ita 
southern  extremity,  where  the  low  ground  conceals  the  rock  beneath. 
These  masses  may  either  represent  detached  portions  of  the  clastic 
Huronian  strata  caught  up  and  floated  off  during  the  intrusion  of  the 
association  granitite,  of  whose  irruptive  character  there  cannot  be  a 
doubt ;  or,  on  the  other  hand,  they  may  belong  to  a  band  or  tongue 
co-extensive  with  the  main  mass  of  similar  elastics  to  the  southeast, 
but  whose  continuity  at  the  surface  is  broken  or  concealed  by  the 
dense  forest  growth.  The  island  in  the  narrows  of  this  lake,  as  well 
as  the  west  end  of  the  comparatively  large  island  to  the  north,  is  con- 
posed  of  a  greenish-grey  greenstone  or  diabase.  At  the  outlet  of 
Cooper  lake  the  foliation  of  the  prevailing  granitite-gneiss  is  marked 
by  the  parallel  disposition  of  plates  and  aggregated  patches  of  chlori- 
tized  biotite.  It  is  sometimes  rather  obscure,  and  the  rock  is  very 
massive  and  granitic  in  character.  The  strike  is  X.  3°  E.  Embedded 
Fig.  5.  in  this  gneiss  and  crossing  its  foliation  is  a 

^.      rudely  rectangular  mass  of  a  greyish  slaty 
grcywackc".    The  mass  is  about  two  feet  wide 
by  about  fifteen  feet  in  length,  the  direction 
*  1 1  ^  S^l^Ll     °^  liS  longer  diameter  being  about  northeast, 
Vl'l^  wm^e  tne  foliation  of  the  gneiss  is  only  a  few 

'■'JJ^/ffir&.A  \         degrees  east  of  north. 

i^^KG*«t  ,i  J  '  The  rough  anu  bouldery  stream  which  separ- 

ates Cooper  lake  from  the  Matabitchouan 
river  shows  outcrops  of  the  massive  reddish 
gneiss,  the  strike  apparently  being  about  N.  13° 
E.  At  a  narrow  gorge,  through  which  the  stream  runs,  a  patch  of 
greenish  chloritic  and  epidotic  schist  was  noticed  embedded  in  the 
intrusive  gneiss.  The  hand  specimen  showed  a  dark-green,  rusty- 
weathering,  compact,  foliated  chloritic  rock,  with  numerous  minute 
particles  of  pyrite  scattered  through  it.  The  microscope  shows  it  to  be 
a  typical  epidotic  and  chloritic  schist  in  which  all  traces  of  the  ori- 
ginal structure  have  been  destroyed,  it  bears  a  close  resemblance  to 
those  described  by  Dr.  F.  D.  Adams,  from  the  Eastern  townships  * 
and  consists  of  a  schistose  aggregate  of  feldspar,  quartz,  pale-green 
chlorite,  epidote  and  pyrite.  The  epidote  is  in  granules  of  varying 
dimensions,  and  also  in  crystals,  which  present  sharply  defined  rhombic 
sections.  It  is  strongly  pleochroic.  The  chlorite  forms  pale-green 
folia,  running  through  the  fine-grained  mosaic  of  quartz  and  feldspar 
forming  the  groundmass  of  the  rock.  Many  of  these  schists  have  been 
proved  in  other  regions  to  have  resulted  from  the  shearing  of  a  basic 


•Report  of  pro«re«fi  Geo.  Surv.  Can.,  1880-2. 


Digitized  by  Google 


B»:lo«! 


OTTERTAIL  CREEK 


249  1 


eruptive,  and  it  is  quite  possible  that  this  rock  has  had  just  such  an 
origin,  but,  on  the  other  hand,  taken  in  conjunction  with  the  other 
occurrences  of  very  similar,  though  perhaps  less  altered  patches  of 
stratified  material  just  described  as  having  been  caught  up  in  the 
gneiss,  it  probably  represents  a  completely  recrystallized  basic  grey- 
waeke-slate. 

Between  this  point  and  the  Matabitchouan  there  is  only  another 
rock  exposure  consisting  of  the  breccia-conglomerate,  situated  on  the 
west  side  of  the  small  bay  into  which  Macdonald  creek  discharges, 
and  about  thirty  chains  to  the  southeast  of  the  main  channel  of  the 
river.  The  junction,  therefore,  between  the  granitite-gneiss,  here 
constituting  the  Laurentian,  and  the  slaty  breccias  of  the  Huronian 
may  be  put  down  with  tolerable  accuracy  as  running  across  the  south- 
eastern end  of  this  small  bay. 

Ottertail  creek. 

Ottertail  creek  (Nikig-wai-no-wai-sipi)  rises  in  a  number  of  small 
streams,  draining  the  extensive  swamps  that  occupy  the  greater  por- 
tion of  the  northwestern  corner  of  the  township  of  Hammell,  as  well 
as  nearly  the  whole  of  the  timber  limit  21  E.  situated  to  the  north 
of  this  township.  The  main  branch  of  the  creek  may,  however,  be 
stated  to  take  its  rise  in  a  small  swampy  lake,  situated  in  the  fifth 
concession  of  the  township  of  Hammell  on  the  line  between  lots  8  and 
9.  The  distance  from  its  mouth,  nearly  four  miles  north  of  the  Opi- 
mika  narrows  on  Lake  Timiskaming,  to  this  small  lake,  is  about 
twenty  miles  in  a  straight  line  bearing  S.  50°  W.,  but  following  the 
bends  of  the  stream  this  distance  is  increased  to  a  little  over  thirty 
miles.  The  most  important  branch,  however,  forming  as  it  does  a 
portion  of  the  route  occasionally  used  by  travellers  to  reach  the  in- 
terior, takes  its  rise  in  a  small  beaver-pond  a  short  distance  north  of 
the  northern  boundary  of  timber  limit  12  E.  This  pond  is  separated 
by  a  portage  of  only  a  quarter  of  a  mile  from  another  small  expan- 
sion known  as  Bush  'lake,  that  flows  into  the  Martin  river  about 
three-quarters  of  a  mile  southwest  of  the  inlet  from  Mackenzie  lake. 
The  distance  from  this  small  beaver-pond  to  the  mouth,  following  the 
course  of  the  stream,  is  twenty-two  miles  and  a  half,  but  in  a  direct 
line,  bearing  S.  71°  W.,  it  is  only  a  little  over  sixteen  miles. 

The  first  portage  on  the  route  inland  by  way  of  this  stream  starts 
from  Grenier's  clearing,  a  short  distance  north  of  the  mouth  of  the 
stream,  and  is  a  little  over  a  mile  in  length.  It  runs  from  the  valley 
over  the  high  hills  that  border  Lake  Timiskaming.  The  upper  portion 
of  these  hills  shows  the  usual  hummocky  outline  which  elsewhere 
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occurs  with  extended  exposures  of  the  reddish  gneiss.  This  rock  is 
massive  and  granitoid  in  appearance,  but  distinctly  foliated,  the  strike 
being  to  the  northeast  while  the  dip  is  to  the  northwest  <  65°.  The 
highest  point  on  this  portage  is  365  feet  above  low  water  on  Lake 
Timiskaming,  while  the  creek  reached  by  the  west  end  of  the  portage 
is  ISO  feet  above  the  same  datum.  The  descent,  therefore,  towards 
the  creek,  though  less  (285)  than  that  towards  the  lake,  is  very  abrupt 
and  steep.  Four  more  portages  intervene  before  the  lake  at  the  forks 
is  reached,  these  showing  a  combined  fall  of  nearly  eighty-four  feet. 
The  portages  are  all  on  the  northeast  bank  of  the  river  and  are  short, 
the  longest  being  a  little  over  half  a  mile.  These  are  to  overcome  low 
rapids  caused  chiefly  by  bouldery  obstructions.  Between  these  rapids 
the  creek  is  comparatively  deep  and  about  twenty  yards  in  width, 
flowing  with  a  gentle  current  between  banks  composed  of  coarse,  yel- 
lowish sand.  The  rock,  wherever  exposed,  is  the  common  granitite- 
gneiss,  very  massive  and  granitoid  in  structure,  but  with  distinct 
foliation,  striking  N  30°  E.,  and  dipping  to  the  northwest  <65°. 

The  main  forks,  where  the  north  branch  joins  the  main  stream,  is 
about  four  miles  from  the  mouth,  the  creek  throughout  this  distance 
having  a  general  course  of  N.  76°  W.  The  lake  at  this  fork  represents 
in  reality  the  last  stretch  of  the  north  branch  before  it  enters  the  main 
stream.  The  name  Wabamik,  by  which  it  is  known  to  the  Indians, 
refers  to  the  legend  that  a  huge  white  beaver  formerly  lived  on  its 
shores.  The  immediate  banks  of  the  lake  are  for  the  most  part  low 
and  marshy,  but  two  exposures  of  rock  which  were  noticed  resembled 
the  massive  reddish  granitite-gneiss  striking  N.  35°  £.,  and  dipping 
to  the  southeast  <  70°.  A  few  hills  rise  to  the  south  of  the  forks,  but 
at  a  considerable  distance  away  from  the  creek,  while  the  valley  of 
the  creek  immediately  above  is  wide  and  level.  To  the  southwest  of 
the  lake  a  rather  prominent  hill  rises  in  close  proximity  to  the  shore, 
while  to  the  northeast  the  numerous  rounded  rocky  ridges  of  the 
usual  flesh-red  granitite-gneiss  rise  from  200  to  250  feet  above  White- 
beaver  lake. 

Between  the  forks  and  the  intersection  of  the  Lake  Timiskaming 
colonization  road  the  distance  by  the  stream  is  about  eleven  and  a 
half  miles.  In  this  distance  there  are  nine  portages,  to  overcome  as 
many  rapids  and  chutes.  Seven  of  these  are  low  rapids  where  the 
stream  is  obstructed  by  boulders,  while  two  are  chutes,  the  channels 
being  comparatively  narrow  and  cut  for  the  most  part  along  the  strike 
of  the  foliation  of  the  gneissic  rock.  The  intervening  stretches  of 
quiet  water,  between  these  interruptions  to  navigation,  average 
nearly  a  chain  in  length,  the  water  being  tolerably  deep,  and 
the  banks  on  either  side  fringed  with  a  dense  growth  of  alder  and 
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willow.  The  stream  in  many  places  pursues  a  rather  tortuous  course 
through  the  narrow  sandy  flat,  although  some  of  the  more  prominent 
bends  reach  the  sclid  rock  on  either  side  of  the  valley. 

At  the  first  rapid  above  the  forks  the  stream  falls  about  ten  feet 
through  a  gorge  excavated  in  flesh-red  granite-gneiss,  well  foliated 
and  laminated  and  striking  N.  38°  E.,  while  the  dip  is  to  the  south* 
east  <  45°.  The  gorge  or  canon  runs  for  the  most  part  with  the 
foliation,  but  at  one  place  it  breaks  across  the  strike  of  the  gneissic- 
rocks.  At  the  lower  end  of  the  third  portage  the  gneiss  is  the  dark- 
grey,  almost  black,  variety,  which  is  at  once  hornblendic  and  mica- 
ceous, and  to  which  the  name  quartz-mica-biotite  has  been  applied. 
It  is  a  glistening  evenly  foliated  gneiss  stained  in  places  with  iron 
oxide.  The  strike  at  this  place  is  about  northeast,  thus  corresponding 
with  the  general  trend  of  the  stream.  Under  the  microscope  the  rock 
is  seen  to  be  composed  of  plagioclase,  orthoclase,  quartz,  hornblende 
and  biotite  with  sphene,  apatite,  zircon,  pyrite  and  limonite  as  ac- 
cessory minerals. 

At  the  sixth  portage  (made  to  overcome  a  rapid  which  also  flows 
through  a  rocky  gorge  cut  out  along  the  strike),  the  rock  is  dark- 
grey  and  micaceous,  well  laminated  as  well  as  foliated  and  striking 
N.  22°  E.  with  a  dip  to  the  southeast  <  45°.  At  the  seventh  portage 
the  rock  is  the  fine-grained  reddish  granitoid  variety,  doubtless  a 
granitite-gneiss.  Between  the  bridge  on  the  Lake  Timiskaming 
colonization  road  and  the  forks  with  the  main  branch  above  there  are 
three  obstructions  in  the  stream.  Two  of  these  are  caused  by  boulders, 
but  the  third,  which  is  intermediate  between  the  other  two,  shows  a 
descent  of  nearly  thirty  feet  with  a  portage  on  the  south  side.  The 
rock  at  this  place  is  massive  and  much  jointed,  and  represents  the 
prevailing  red-granitite-gneiss.  At  the  third  rapid  above  the  bridge 
the  rock  present  is  massive,  rather  fine-grained,  reddish  in  colour  and 
distinctly  gneissic  in  structure.  The  thin  section  under  the  microscope 
shows  it  to  be  a  granitite-gneiss,  composed  of  orthoclase,  plagio- 
clase, microcline,  quartz,  biotite  and  primary  epidote,  the  orthoclase 
being  by  far  the  most  abundant  constituent.  The  accessory  minerals 
noted  were  apatite,  zircon  and  sphene. 

A  short  distance  above  the  rapid  the  surface  of  the  country  flattens 
out,  while  the  creek  itself,  for  a  distance  of  over  two  miles,  pursues  a 
tortuous  course  through  an  extensive  beaver-meadow,  and  numerous 
beaver-dams  obstruct  navigation.  It  is  expedient  to  make  one  long 
portage  avoiding  this  portion  of  the  creek  and  coming  out  at  the 
southeast  end  of  Ruth  lake.  Ruth  lake,  and  the  beaver  pond  beyond, 
marking  the  head  of  the  Ottertail  in  this  direction,  are  practically  on 
the  same  level,  and  the  portage  connecting  them  runs  on  the  south- 
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west  side  of  the  creek.  On  this  portage  some  birches,  over  nine 
inches  in  diameter,  which  had  been  felled  by  beaver,  were  noticed. 
Tho  strike  of  the  rock  in  Ruth  lake  is  about  southwest.  It  shows  the 
usual  alternating  reddish  and  greyish  bands  which,  in  themselves 
foliated^  give  by  their  even  and  parallel  disposition  not  only  a 
very  marked  foliation,  but  a  distinct  lamination  to  the  whole  mase. 
Under  the  microscope  a  specimen  obtained  from  the  northeast  shore 
shows  the  rock  to  be  of  the  variety  here  designated  granitite-gneias. 
It  is  composed  of  orthoclase,  microcline,  plagioclase,  quartz-biotite  and 
primary  epidote  with  apatite,  zircon,  sphene  and  a  little  iron  ore  as 
accessory  minerals. 

From  Ruth  lake  a  portage  a  little  over  a  mile  and  a  half  in  length 
runs  to  Fanny  lake,  at  the  headwaters  of  one  of  the  tributaries  of  the 
Martin  river.  The  southwestern  end  of  the  portage  passes  over  a 
somewhat  low,  though  in  places  rocky  tract,  grown  up  with  small  trees. 
There  is  little  soil,  and  the  rock,  when  exposed,  was  seen  to  represent 
red  and  grey  banded  granitite-RTieiss.  The  Inst  half-mile  near  the 
northeast  end  of  the  portage  approaching  Fanny  lake  is  over  lower 
land,  very  marshy  in  places. 

The  portage  from  the  beaver-pond  to  Bush  lake  is  about  a  quarter 
of  a  mile  in  length  and  the  barometer  showed  the  latter  to  be  ten  feet 
lower  than  the  beaver-pond.  The  shores  of  Bush  lake  are  compara- 
tively high  and  for  the  most  part  rocky.  A  hill  rises  close  to  the  south- 
west shore  of  the  lake  to  a  height  of  about  150  feet.  The  rock  which 
is  frequently  seen  is  n  granitite-gneiss,  well  foliated,  but  somewhat 
massive  and  granitoid  in  structure.  The  strike  is  N.  45°  E.  and  the 
dip  southeast  <  50°.  The  portage  from  Bush  lake  to  the  Martin 
river,  into  which  it  empties,  shows  a  fall  of  about  forty  feet.  The 
trail  starts  from  the  northeast  side  of  the  creek,  but  crosses  over  to  the 
southwest  side.  It  shows  evidence  of  having  been  but  slightly  used. 
Indeed  the  whole  route  inland  by  way  of  Ottertail  creek  is  but  little 
known  and  therefore  rarely  used,  and  as  the  beavers  have  been  nearly 
all  exterminated  in  the  vicinity  of  its  banks  it  has  been  but  little 
frequented  of  late  years  for  hunting  purposes.  Occasional  beavers, 
however,  still  reside  along  the  course  of  the  creek,  as  abundant  work 
done  quite  recently  showed. 

Bay  lake  to  Lake  Timagami,  by  way  of  Axnima-Nipissino, 
Carrying,  and  Red  Squirrel  lakes. 

This  route  commences  at  a  small  marshy  bay  on  the  southwest  side 
of  Bay  lake,  about  one  and  three-quarter  miles  southeast  of  Bay  Lake 
post.   The  narrow  and  crooked,  though  navigable  channel  of  the  small 
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inlet  that  enters  the  lake  at  this  point  is  followed  a  short  distance  to 
the  foot  of  the  portage.  The  portage  is  in  reality  a  winter  road,  built 
in  1881  by  Father  Paradis  to  take  in  supplies  from  Bay  lake  to  Tima- 
gami,  and  is  a  little  over  one  mile  and  a  quarter  in  length  of  almost 
continuous  climbing,  reaching  Annima-Nipissing  lake  at  the  extreme 
northeastern  corner.  The  trail  follows  up  a  valley,  which,  as  the  sum- 
mit is  approached,  becomes  very  narrow,  the  hilla  of  quartzite-grit  on 
either  side  approaching  each  other  very  closely,  while  a  talus  of  angu- 
lar blocks  detached  from  the  heights  above  still  further  obstructs  the 
narrow  pass.  At  the  summit  a  sort  of  cul  de  sac  occurs,  the  steep 
slope  facing  towards  Bay  lake,  but  once  this  sharp  incline  of  fifteen 
feet  is  surmounted  there  is  a  gradual  descent  of  about  ten  feet  to 
Annima-Nipissing  lake.  This  lake  is  about  one  hundred  and  eighty 
feet  above  Bay  lake  or  1073  feet  above  the  sea,  while  the  highest  point 
on  the  portage,  only  a  short  distance  from  Annima-Nipissing  lake,  is 
only  ten  feet  higher. 

Annima-Nipissing  or  Aminipissing  lake,  (the  name  meaning  the 
head  of  the  Ni pissing  waters) ,  runs  in  a  general  direction  of  S.  30°  W. 
for  nearly  ten  miles.  It  is  separated  from  McLean  lake,  to  the  south- 
west, by  a  small  narrows,  containing  a  rapid,  and  which,  although 
showing  a  decrease  in  level  of  about  two  feet,  is  sometimes  described 
as  forming  part  of  the  larger  expanse.  This  important  sheet  of  water 
is  divided  into  three  portions,  separated  by  two  narrows.  The  most 
northerly  of  these  stretches  has  a  length  of  four  miles  and  three- 
quarters  and  varies  from  a  quarter  of  a  mile  to  a  mile  in  width. 
The  central  portion  is  much  smaller  and  presents  a  much  more  irre- 
gular outline.  One  of  the  bays  running  to  the  southeast  affords  an 
entrance  to  an  inlet  from  Breeches  lake,  on  the  road  to  Mountain  lake, 
at  the  headwaters  of  the  main  branch  of  the  Matabitchouan  river.  A 
somewhat  longer  arm  running  a  little  west  of  south  approaches  very 
close  to  the  waters  of  Mannajigaina  lake,  while  still  another  exten- 
sion, running  to  the  northwest,  receives  the  small  creek  from  Pick- 
erel lake,  from  which  it  is  separated  by  a  portage  only  a  few  chains 
in  length. 

The  southern  part  is  about  three  miles  and  a  half  in  length  and  is 
over  half  a  mile  wide.  It  likewise  has  an  irregular  shape,  a  large  bay 
running  to  the  northwest  for  nearly  two  miles  from  the  northern  end 
of  the  stretch.  About  a  mile  and  a  half  from  the  outlet  into  McLean 
lake  a  small  stream  enters,  forming  the  outlet  of  Whitewater  and  Dia- 
base lakes.  Several  soundings  were  taken  in  places  reported  to  be 
exceedingly  deep.  One  of  these  places,  situated  about  the  middle  of 
the  lake,  opposite  Crow  rock  and  a  little  over  a  mile  from  its  northern 
end.  showed  a  depth  of  ninety-three  feet,  while  another  sounding. 
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taken  about  the  middle  of  the  large  open  space  in  the  central  part  of 
the  lake,  gave  100  feet.  The  water  has  the  clear  and  limpid  char- 
acter  and  light  sea-green  tint  of  Timagami,  although  in  point  of 
clearness  and  purity  both  these  lakes  are  excelled  by  Whitewater  lake, 
lying  to  the  west  of  the  southern  part  of  Annima-Nipissing  lake. 

The  coarse  quartxite-grit  or  arkose  occurring  on  Bay  lake  extends 
to  the  tract  passed  over  by  tne  portage  entering  the  north  end  of 
Annima-Nipissing  lake.  It  also  extends  down  the  eastern  shore  of 
this  lake  for  nearly  three-quarters  of  a  mile,  when  it  gives  place  to  a 
coarse  gabbro  that  occupies  the  shore  for  over  a  mile  farther  south. 
The  rock,  as  here  exposed,  is  rather  coarse  in  texture,  and  is  charac- 
terized by  the  presence  of  reddish  feldspar,  in  this  respect  resembling 
certain  portions  of  similar  irruptive  masses  to  the  northwest  of  Bay 
lake,  as  well  as  at  Quinn  point  on  the  east  shore  of  Lake  Timiska- 
ming.  Near  the  line  of  junction  with  the  gabbro  the  quartzite  has 
been  considerably  altered  by  its  intrusion,  the  alteration  consisting 
chiefly  in  a  hardening  due  to  the  secondary  enlargement  of  the 
original  quartz  grains  and  the  deposition  of  interstitial  silica.  On 
the  west  side  of  the  lake  this  arkose  forms  a  perpendicular  cliff  about 
a  hundred  feet  in  height,  known  as  Crow  Rock,  and,  continuing  down 
along  this  shore  occupies  the  greater  part  of  the  southern  shore  of  the 
bay  running  to  the  southwest.  The  large  island,  as  well  as  the  much 
smaller  one  to  the  northeast,  is  composed  of  massive  greenstone  or 
gabbro.  but  the  island  lying  close  to  the  shore  to  the  southwest  of 
these  is  formed  of  the  slaty  greywacke,  underlying  the  arkose.  On  the 
point  to  the  southwest  of  the  large  island  a  considerable  inlier  of 
banded  slate  appears  to  have  been  caught  up  in  the  mass  of  the  green- 
stone during  its  irruption,  and  the  bedding  of  the  slate,  well  marked 
by  the  alternating  colour-bands,  shows  an  inclination  N.  50°  W.  < 
15°. 

The  relative  distribution  of  the  greenstone  and  slaty  greywacke, 
the  latter  being  the  prevailing  clastic  rock,  is  shown  on  the  map.  The 
diabase  gabbro  forms  a  series  of  high  hills  which  are  in  marked 
contrast  to  the  flat  topography  characteristic  of  the  areas  underlain  by 
the  slates.  On  the  west  side  of  the  lake  this  greenstone  sometimes 
forms  the  shore-line,  while  elsewhere  it  is  replaced  by  a  strip  of 
the  slaty  greywacke  only  a  few  chains  in  width.  The  clastic  rocks  in 
this  portion  of  the  lake  have  a  prevailing  dip  to  northeast  or  north- 
northeast  at  a  low  angle,  usually  less  than  10°.  The  southern  and 
southeastern  shores  of  the  central  portion  of  the  lake  show  somewhat 
extended  exposures  of  greenstone,  both  gabbro  and  diabase  being 
present  in  the  same  mass.  To  the  south  these  rocks  seem  to  merge 
gradually  (through  a  massive  greyish  or  pale-pinkish  gneissic  granite 


Digitized  by  Google 


BAY  LAKE  TO  LAKE  TIM  AO  AMI 


255  1 


well  exposed  on  Mannajigaina  lake),  into  the  maas  of  flesh -red  grani- 
tite  and  granitite-gneies  that  prevails  over  such  a  large  area  to  the 
south  and  southwest.  The  field  relations  of  these  several  rock-types 
seem  to  furnish  considerable  proof  that  all  three  have  originated  from 
the  same  magma,  differing  only  in  their  rate  and  manner  of  cooling. 
The  irregular  point  of  land  on  the  northwest  side  of  the  lake,  be- 
tween its  northern  and  central  portions,  as  well  as  the  extreme  point 
on  the  east  side  of  the  narrows,  is  composed  of  rather  flat-lying  slaty 
strata.  On  the  west  side  of  the  southern  stretch  of  Anniraa-Nipissing 
lake  is  a  range  of  hills  composed  of  irruptive  material,  chiefly  a 
rather  coarse-grained  granite. 

Closely  associated  with  the  last-named  rock  is  that  to  which  the 
name  breccia-conglomerate  has  been  applied  in  this  report.  The 
matrix  is,  in  general,  a  dark  greyish-green  chloritic  and  epidotic  grey- 
waeke\  enclosing  numerous  fragments  of  various  irruptive  rocks,  those 
of  flesh-red  granite  being  the  most  abundant.  These  are  often  quite 
angular  in  outline,  occasionally  showing  re-entering  angles,  although 
usually  they  possess  a  more  or  less  perfect  rounded  outline.  These 
larger  fragments  include  pieces  of  flesh-red  feldspar  and  greyish  quartz 
or  quartzite,  red  and  reddish-grey  granite,  fine  and  medium-textured 
diabases  and  sometimes  diorites  of  several  species.  Occasionally  frag- 
ments of  a  greenish  slate,  apparently  identical  with  some  classified  as 
Huronian,  were  also  noticed.  This  coarse  material  is  occasionally  so 
abundant  that  little  of  the  finer  matrix  is  represented,  while,  else- 
where, only  an  occasional  pebble  or  fragment  was  noticed,  the  rock 
passing  upward  into  a  distinctly  banded  slate,  which  is  usually  en- 
tirely free  from  such  inclusions. 

The  greater  portion  of  these  hills  is  composed  of  a  very  pale  flesh- 
coloured  granite,  which  is  associated  with  and  apparently  merges  into 
a  greenstone  or  diabase.  One  point  shows  a  prevalence  of  the  granite 
with  bands  and  patches  of  the  greenstone  scattered  through  it,  while 
other  outcrops,  not  very  remote,  exhibit  a  preponderance  of  the  green- 
stone, with  irregular  dike-like  forms  of  granite  penetrating  it  in  all 
directions.  Both  granite  and  greenstone  invade  the  breccia,  while 
fragments  of  the  latter  are  caught  up  in  both  of  these  intrusives.  The 
contact  between  what  is  evidently  a  pyroclastic  rock  and  the  igneous 
intrusives  is  a  curious  wavy  line,  which  in  places  can  be  laid  do'wn 
with  exactitude,  while  a  short  distance  away  there  is  apparently  a 
commingling  of  the  two  rocks  through  fusion,  that  causes  a  seeming 
transition  from  one  to  the  other.  The  history  of  the  formation  of 
these  several  rocks  would  seem  to  indicate  that  the  granite  and 
greenstone  represent  differentiated  irruptives  forming  the  original 
deep-seated  portions  of  an  old  centre  of  volcanic  activity,  which  sub- 
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sequent  erosion  and  denudation  have  exposed  at  the  present  sur- 
face The  breccia-conglomerate,  on  the  other  hand,  doubtless  con- 
stitutes the  lower  portion  of  the  associated  volcanic  breccia,  formed 
by  the  accumulation  and  consolidation  of  portions  of  the  various 
strata  rent  asunder  during  the  progress  of  the  eruption,  this  resulting 
pyroclastic  material  being  spread  out  upon  the  bottom  of  a  shallow 
ocean,  where  it  has  become  rolled,  sorted,  and  possibly  mixed  with 
ordinary  aqueous  sediments.  The  overlying  slates  show  very  little 
sign  of  aqueous  abrasion,  while  in  their  composition  and  appearance 
under  the  microscope  they  closely  resemble  fine-grained  tuffs,  repre- 
presenting  the  consolidation  of  the  first  volcanic  ash  beds. 

Whitewater  lake  (Kawabish-kagama)  is  an  irregular  sheet  of  water 
running  in  a  general  direction  of  a  little  north  of  west  for  about  three 
miles.  It  empties  from  the  west  into  Annima-Nipissing  lake  about  one 
mile  and  a  half  northeast  of  the  outlet  into  McLean  lake.  A  short 
portage,  over  exposures  of  breccia-conglomerate,  follows  to  the  north 
of  the  discharging  creek.  A  belt  of  diabase  runs  from  the  western 
shore  of  Annima-Nipissing  lake  to  the  south  of  this  lake,  forming  the 
points  of  the  small  peninsulas  near  the  west  end  of  the  lake,  and  con- 
necting with  the  large  mass  of  similar  rock  to  the  west  and  north. 
The  elastics  associated  with  this  greenstone  include  the  massive  dark- 
greenish-grey  greywackS  with  or  without  large  enclosed  pebbles  and 
fragments.  Diabase  lake,  about  a  mile  in  length,  is  separated  from 
Whitewater  lake  to  the  south,  into  which  it  empties,  by  a  short 
portage,  and,  as  its  name  implies,  is  completely  enclosed  by  green- 
stone that  to  the  northwest  of  the  lake  rises  into  considerable  hills. 
Gull  Rock  lake  is  reached  by  a  portage  considerably  over  half  a  mile 
in  length  from  the  northwest  end  of  Pickerel  lake.  It  is  so  shallow 
that  the  Indians  assert  that  during  severe  winters  it  is  frozen  solid  to 
the  bottom.  Its  outlet,  leaving  the  northwest  angle  of  the  lake,  flows 
into  the  Montreal  river  a  short  distance  below  Pork  rapid.  It  is 
completely  surrounded  by  low  hills  of  the  coarse  quartzite-grit  or 
arkose. 

Mannajigaina  (Ugly-running)  lake  and  Snake  lake  (Nakwaganak) 
lie  a  short  distance  to  the  southeast  of  the  southern  part  of  Annima- 
Nipissing  lake,  the  former  being  reached  by  a  portage  about  thirty 
chains  in  length,  running  from  the  extremity  of  a  bay  on  the  east  side 
of  Annima-Nipissing  lake,  about  two  miles  and  three  quarters  from  its 
outlet  to  McLean  lake.  The  shores  and  islands  of  Mannajigaina  lake, 
which  runs  west  for  about  two  miles,  are  composed  of  a  greyish  and 
pnle  flesh-coloured  gneissic  granite,  the  foliation,  though  at  times 
somewhat  indistinct,  being  nearly  always  discernible.  Snake  lake, 
the  lower  of  these  two  expansions,  is  also  surrounded  by  a  very  similar 
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intrusive  rock,  with  the  exception  of  the  southeastern  corner,  where  a 
comparatively  large  patch  or  area  of  the  breccia-conglomerate  is  ex- 
posed. The  immediate  shore-line,  on  this  side  of  the  lake,  Ls  occupied 
by  a  narrow  strip  of  granite,  while  immediately  to  the  south  the 
breccia-conglomerate  forms  a  rather  high  hill,  with  a  dip  to  the  south 
<  8°.  The  contact  between  the  breccia  and  the  granite  is  at  times 
very  sharp  and  distinct,  when  it  exhibits  a  curved  or  sinuous  line,  but 
at  other  times  there  is  a  narrow  brecciated  zone,  caused  by  the  invas- 
ion of  the  breccia  by  the  granite  and  the  inclusion  of  fragments  of 
the  former  in  the  latter. 

The  eastern  shore  of  the  southern  part  of  Annima-Nipissing  lake 
is  composed  of  the  dark  greenish-grey  greywacke-slate,  containing 
fragments  and  pebbles  of  granite  and  other  irruptive  rocks.  The 
slaty  rocks  characterize  a  band  on  this  shore  varying  from  an  eighth 
to  a  quarter  of  a  mile  in  width,  while  the  southeastern  part  of  the  two 
small  bays  that  indent  this  shore-line  show  continuous  outcrops  of  a 
flesh-red  gneissic  granite.  On  the  south  shore  of  the  more  northerly 
of  these  two  indentations  the  immediate  contact  between  the  granite 
and  the  slates  was  noticed,  the  latter  rock  dipping  N.  50°  W  <50°, 
while  the  foliation  of  the  granite  has  an  inclination  S.  87°  E.  <70°. 
At  the  foot  of  the  more  southerly  of  the  two  bays  the  foliation  of  the 
granite-gneiss  has  a  strike  of  X.  47°  E.,  and  a  dip  to  the  northeast 
<45°. 

The  greater  part  of  the  northwestern  shore  of  McLean  lake  is  com- 
posed of  very  much  squeezed  and  altered  chloritic  greywacke-slate. 
This  likewise  occupies  the  points  on  the  southeastern  shore,  but  the 
granite-gneiss  crops  out  all  along  the  bottom  of  the  bays  as  well  as 
along  the  sides  towards  the  south  and  southeast.  The  portage  from 
McLean  lake  to  Carrying  lake  (.Kecheonai)  is  nearly  thirty-five  chains 
in  length,  and  the  rock,  abunuantly  exposed,  is  a  coarse  flesh-red 
gneissic  granite,  the  foliation  being  marked  by  the  parallel  disposi- 
tion of  chloritized  scales  of  biotite.  In  composition  the  rock  is  a 
granitite,  being  composed  chiefly  of  orthoclase,  quartz,  biotite  de- 
composed to  chlorite,  with  smaller  quantities  of  epidote  and  sphene. 
The  strike  of  the  foliation  on  Carrying  lake  is  N.  42°  E.,  with  a  dip 
to  the  southeast.  The  contact  between  the  granite  and  the  breccia- 
conglomerate  runs  across  Carrying  lake  near  its  centre,  the  clastic 
rock  having  a  strike  of  N.  72°  E.,  and  dip  to  the  northwest  <60". 

The  portage  into  Red  Squirrel  lake  (Atchimo)  is  over  half  a  mile 
long,  and  shows,  at  the  beginning,  exposures  of  breccia-conglomerate. 
Outcrops  of  the  same  rock  are  very  abundant  on  Red  Squirrel  lake, 
and  on  one  of  the  small  islands  the  granitic  and  diabasic  fragments 
anl  pebbles  are  so  abundant  that  very  little  of  the  dark-irreenish 
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chloritic  matrix  can  be  seen.  On  the  southeast  side  of  the  lake  this 
rock  rises  into  hills  about  three  hundred  feet  in  height,  dipping  S. 
17°  E.  <  45.  To  the  west  and  southwest  of  Ked  Squirrel  lake  steep 
hills  of  diabase  rise  to  a  height  of  nearly  four  hundred  feet  above 
it.  The  portage  from  Red  Squirrel  lake  runs  to  a  small  marshy 
expansion  of  the  Annima-Nipissing  river,  starting  from  the  end  of  a 
small  bay  on  the  west  side  in  which  is  the  outlet. 

The  trail  is  about  fifty  chains  in  length,  crossing  the  Annima- 
Nipissing  river  or  outlet  by  means  of  a  small  rocky  island  about  a 
quarter  of  a  mile  from  the  lower  end.  The  rock  at  this  point  is  the 
prevailing  breccia-conglomerate  containing  chiefly  granite  fragments. 
Between  Red  Squirrel  lake  and  the  crossing  of  the  river  the  portage 
passes  over  a  sharp  and  steep  esker-like  ridge  of  sand  that  runs  about 
north-and-south,  corresponding  with  the  direction  of  ice-flow  in  this 
locality.  From  the  foot  of  the  portage  it  is  nearly  three-quarters  of  a 
mile  down  the  stream  to  its  month  on  Sandy  inlet  at  the  north  end 
of  Ferguson  bay  on  Lake  Timagami. 

Sharp  Rock  Inlet  (Timagami)  to  Mattawapika  (Montreal  River.) 

Nonwakaming  and  Lady  Evelyn  lakes,  which  occupy  this  interval., 
have  of  late  years  become  rather  well-known  topographical  features,  as 
they  form  a  considerable  portion  of  a  favourite  canoe-route  between 
Lakes  Timiskaming  and  Timagami,  commencing  at  the  long  portage 
which  runs  from  Haileybury  post-office  to  Sharp  lake.  The  distance 
by  the  Haileybury  route,  following  Sharp  and  Mud  lakes  and  the 
Montreal  river,  is  about  seventy  miles,  to  the  Hudson's  Bay  Com- 
pany's post  on  Bear  island  in  Lake  Timagami,  while  from  the  mouth 
of  the  Matabitchouan  river  on  Lake  Timiskaming  to  the  same  place 
the  distance  is  only  forty-three  miles  following  the  canoe  channel. 

The  first  portage  from  Lake  Timagami  to  Nonwakaming  lake  is 
about  a  quarter  of  a  mile  in  length  and  is  situated  on  the  northeast 
side  of  the  stream,  which,  during  the  earlier  months  of  summer,  only 
serves  as  a  northern  outlet  of  Lake  Timagami.  The  trail  is  strewn 
with  angular  fragments  of  the  subjacent  light-green  banded  slate,  this 
fact  having  suggested  the  name  of  "  Sharp-rock  portage,"  by  which 
it  is  known.  Nonwakaming  lake  is  sometimes  also  called  Diamond 
lake.  The  first-mentioned  name  is  of  Chippewa  derivation,  referring 
to  the  fact  that  five  portages  afford  an  exit  from  the  lake  in  as  many 
different  directions.  These  include,  first: — one  running  to  the  south- 
easteast  towards  Lake  Timagami.  The  western  bay  affords  a  route  go- 
ing to  the  southwest  towards  Wakemika  lake  and  another  to  the  north- 
west, a  long  portage  connecting  the  waters  of  this  lake  with  an  ex- 
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pansion  that  empties  into  Sucker-gut  lake.  The  two  other  trails  issue 
from  the  northern  bay,  one  running  northwest  to  Sucker-gut  lake, 
while  the  other  turns  to  the  northeast  into  Lady  Evelyn  lake.  From 
Sharp  Rock  portage  to  the  route  affording  an  entrance  to  Lady 
Evelyn  lake  the  distance  is  three  and  three-quarter  miles,  in  a  gen- 
eral direction  a  little  west  of  north,  the  portage  and  the  outlet  of  the 
lake  being  situated  close  together  on  the  east  side  of  the  lake,  about 
three-quarters  of  a  mile  from  the  end  of  the  long  bay  that  extends 
in  this  direction. 

The  larger  part  of  the  area  of  the  lake  is  an  arm  running  in 
a  direction  a  little  north  of  west  for  about  five  miles  with  an  ap- 
proximate average  width  of  half  a  mile,  ending  in  two  subsidiary 
bays,  the  smaller  one  running  to  the  northwest,  while  that  to  the 
southwest  continues  for  nearly  two  miles  farther.  The  eastern  side 
of  the  lake  is  flat  and  the  ends  of  the  bays  »>re  low  and  marshy,  while 
tht-  shores  along  the  west  side  present  the  steeply-sloping  sides  of  bold 
rocky  hills  that  come  close  to  the  eJge  of  tho  water. 

The  rock  exposed  on  the  east  shore  is  an  evenly  banded  green- 
ish slate,  the  planes  of  cleavage  corresponding  with  those  of  the 
bedding.  This  slate  occupies  the  whole  of  that  shore  as  well  as  the  two 
smaller  islands  close  by.  In  strike  it  exhibits  a  gradual  curve  of 
X.  20°  W.,  in  the  southeastern  part,  to  N.  20°  E.  in  the  vicinity  of 
the  portage  going  to  Lady  Evelyn  lake;  while  the  angle  of  dip,  always 
in  a  westerly  direction,  changes  from  8°  in  the  southern  portion  to 
45°  along  the  east  side  near  the  north  end.  This  rock  exhibits  a  tran- 
sition upward  through  a  more  massive  dark  greenish-grey  slaty  rock, 
that  occasionally  shows  the  colour-bands  so  characteristic  of  the  strata 
beneath,  into  a  compact  greenish  feldspathic  sandstone,  which,  in  turn, 
merges  above  in  a  rather  coarse  quarteite-grit  or  arkose.  The  gradual 
transition  is  well  shown  on  the  two  larger  islands  situated  near  the 
centre  of  the  open  space  formed  by  the  junction  of  the  several  bays. 
The  arkose  occurs  in  very  thick  beds,  generally  well  jointed,  but  so 
massive  that,  usually,  it  is  difficult  to  ascertain  its  true  dip  or  strike. 
As  a  rule  the  rock  is  of  a  pale  yellowish-green  or  greyish  colour.  The 
fragments  usually  apparent  to  the  eye  consist  of  a  pale  reddish 
or  greyish  feldspar  with  a  much  larger  proportion  of  greyish  or 
colourless  quartz,  embedded  in  a  matrix  composed  chiefly  of  minute 
scales  of  yellowish  ser?cite.  In  places  along  the  north  shore  of  the 
western  bay  some  of  the  beds  are  of  a  distinct  flesh-red  colour,  being 
with  difficulty  distinguishable  from  ordinary  granite,  from  the  degra- 
dation of  which  they  have  evidently  been  formed.  Under  the  micro- 
scope this  phase  of  the  rock  is  seen  to  differ  from  the  prevalent  green- 
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ish  type,  in  that  the  feldspathic  and  quartzite  fragments  are  little 
rounded  and  accompanied  by  little  sericite. 

This  quartzite-grit  occupies  the  shores  of  the  western  bay  of 
Nonwakaming  lake,  exhibiting  a  prevailing  dip  to  the  east  of  north- 
east  <12°  to  15°.  The  small  bay  forming  the  southwestern  end  of 
the  lake  shows  an  intricate  labyrinth  of  narrow  channels,  separated  by 
small  rocky,  huminocky  or  subangular  masses  of  the  quartzite-grit, 
the  brook  emptying  the  little  expansion  to  the  southwest  through  a 
narrow  valley  of  a  somewhat  similar  character.  The  rocky  portage, 
which  is  scarcely  a  quarter  of  a  mile  in  length,  leads  to  a  little  lake 
which  is  completely  enclosed  by  ridges  of  the  arkose.  The  trail  from 
this  pond  to  the  northwest  bay  of  Wakemika  lake  is  somewhat  longer, 
and  passes  over  lodges  of  the  quartzite-grit.  Wakemika  lake  is  a 
little  over  three  miles  in  length,  and  the  main  portion  shows  a 
width  of  over  two  miles.  The  northeastern  bay  is  almost  completely 
separated  from  the  rest  of  the  lake  by  two  opposing  ridges  of  sand 
which  leave  a  very  narrow  intervening  channel  with  a  gentle  cur- 
rent. A  considerable  bay  on  the  western  side  of  the  lake  is  formed 
by  the  projection  of  a  long  narrow  point  or  peninsula  from  the  south- 
ern shore.  The  outlet  of  the  lake  is  into  Obabika  lake  about  two  miles 
distant  to  the  southeast,  with  only  two  intervening  portages.  The 
lake  has  been  excavated  for  the  most  part  in  the  massive  or  upper 
part  of  the  prevailing  banded  slates,  that  here  dip  N.  75°  E.  <12°. 
At  one  place  on  the  south  shore  this  slate  is  seen  to  have  developed  a 
perfect  cleavage,  striking  N.  20J  W.,  and  dipping  west  <80°.  These 
slates  show  the  usual  transition  upward,  through  a  narrow  belt  or 
zone  of  fine-grained  greenish  feldspathic  sandstone,  into  the  coarse- 
grained light  greyish-green  arkose,  whose  massive  beds  dip  to  the 
east  <  15°.  The  eastern  shore  of  Wakemika  is  composed  of  the  same 
arkose  dipping  east  <12°.  These  quartzite-grita  on  the  east  side  of 
Wakemika  lake,  as  well  as  those  forming  the  shores  of  the  western 
portion  of  Nonwakaming  lake,  occupy  the  upper  part  of  a  low  syn- 
clinal basin,  resting  conformably  upon  the  slates  and  slaty  grey- 
wack6s  exposed  on  the  southern  shores  of  Wakemika  lake  and  on 
the  eastern  side  of  Nonwakaming  lake. 

On  the  west  side  of  the  northern  bay  of  Nonwakaming  lake  the 
greenish  arkose  is  overlain  by  a  greenish  vitreous  quartzite,  very 
much  sheared  and  broken,  the  pressure  and  fracture  planes 
being  coated  with  brightly  glistening  scales  of  yellowUh-green  sericite. 
The  rock  is  made  up  almost  wholly  of  greyish  translucent  quartz 
with  a  lesser  proportion  of  feldspar,  some  of  which  has  been  con- 
verted into  this  hydrous  form  of  muscoviie  by  dynamic  action. 

Tho  portage  from  Nonwakaming  to  Lady  Evelyn  lake  is  about 
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twelve  chains  in  length,  and  is  r&ed  to  avoid  a  chute  and  rapids 
below  with  a  total  fall  of  about  twenty-five  feet.  Lady  Evelyn  lake 
(eo  named  in  1888  by  Dr.  Bell)  is  known  to  the  Indians  as  Muskan- 
amnc  (the  haunt  of  the  moose).  It  measures  nearly  twenty-two  miles 
in  length  from  the  portage  entering  the  south  end  to  the  rocky 
obstructed  chute  which  marks  the  outlet  into  the  Montreal  river. 
The  trail  reaching  the  south  end  shows  exposures  of  greenish  elate, 
containing  coarser  inter  laminated  beds  of  a  fine-grained  greenish-grey 
feldspathic  sandstone,  all  having  a  distinctly  bedded  character.  These 
1-  Artings  of  greywacke,  which  vary  from  a  few  inches  to  a  foot  or  even 
more  in  thickness,  weather  to  a  pale-purplish  colour.  The  strike 
changes  from  N.  40°  E.  to  X.  20°  E.,  the  various  exposures  showing 
marked  evidences  of  considerable  tilting  and  dislocation ;  the  angle  of 
inclination  being  unusually  high,  from  38°  to  53°  in  a  northwesterly 
direction.  For  three  miles  north  of  this  portage  the  lake  is  narrow, 
being  for  the  most  part  either  obstructed  by  the  loose  masses  of  the 
prevailing  slate  or  cut  up  into  a  number  of  channels  by  a  series  of 
small  islands. 

The  general  trend  of  the  shores,  on  either  side,  corresponds  rathef 
closely  with  the  strike  of  the  enclosing  slates  which  is  N.  20°  E.,  while 
the  dip  is  in  a  direction  of  X.  70°  W.  <5°  to  10°.  The  hand  speci- 
men collected  as  typical  of  the  rock  occupying  this  interval  is  a  light 
greenish-grey  fine-grained  felsite,  of  which  the  jointage  planes  are 
coated  with  hydrated  peroxide  of  iron,  while  the  weathered  surface 
exhibited  a  pale  flesh-red  tint.  A  thin  section  shows  the  rock  to  be 
composed  of  orthoclase,  quartz  and  plagioclase,  the  first-named  min- 
eral being  the  most  abundant,  while  only  occasional  individuals  of 
plagioclase  were  noticed.  The  fragments  are  very  uniform  in  size  and 
*how  little  or  no  interstitial  matter.  They  are  angular  or  subangular 
in  outline,  frequently  interlocking  with  one  another.  The  section 
evidently  represents  a  clastic  which  has  suffered  little  from  aqueous 
abrasion,  while  subsequent  incipient  recrystallization  has  concealed, 
in  many  instances,  some  of  the  rounded  outlines  due  to  the  action 
of  water.  Irregular  scales  and  plates  of  chlorite  are  present,  as  also 
a  small  quantity  of  iron  ore,  the  abundance  of  the  former  giving 
to  the  whole  rock-mass  its  decided  greenish  colour. 

About  three-quarters  of  a  mile  to  the  south  of  the  large  opening 
that  constitutes  the  main  body  of  the  lake  these  fine-gTained  feldspa- 
thic sandstones  or  felsites  are  interrupted  by  a  mass  of  medium- 
textured  diabase  that  crosses  the  lake.  Northward  it  extends  along 
the  east  shore  for  a  distance  <{  over  four  miles,  being  succeeded 
in  this  direction  by  a  compact  fine-grained  greenish  greywacke  that 
dips  to  the  west  <  10°.   On  some  of  the  islands  lying  near  this  shore 
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a  beautifully  banded  or  foliated  tufaceous  rock  was  noticed  which 
is  intimately  associated  with  the  diabase.  The  latter  likewise  oc- 
cupies the  southwest  shore  of  the  main  body  of  the  lake,  and  also 
the  three  large  islands  in  that  neighbourhood,  as  well  as  a  small  strip 
on  the  western  side,  the  continuity  of  the  mass  being  broken  by  the 
appearance  at  the  coast  of  an  area  of  very  vitreous  pinkish  or  greyish 
quartzite  which  dips  to  the  west  <45° 

For  the  next  succeeding  six  miles  the  lake  has  an  average  width  of 
over  two  miles,  while  it  is  sometimes  as  much  as  three  miles.  A  chain 
of  islands,  however,  that  runs  up  the  centre,  as  well  as  a  considerable 
number  of  islands,  both  large  and  small,  near  the  eastern  side,  conceal 
much  of  its  true  size.  The  islands  in  general  are  low  and  have  a 
somewhat  irregular  outline.  Those  in  the  southern  part  are  composed 
of  a  dark  greenish-grey  feldspathic  sandstone,  with  a  decided  slaty 
cleavage,  in  places  corresponding  to  certain  distinctly  alternating 
bands  of  greyish-green  colour,  which  show  a  prevailing  dip  to  the  east 
<  5°  to  12°.  Under  the  microscope  the  rock  is  seen  to  be  a  felds- 
pathic sandstone  made  up  of  orthoclase.  quartz  and  plagioclase,  em- 
bedded in  an  abundant  feldspathic  matrix,  much  of  which  has  been 
decomposed  to  yellowish-green  sericite.  This  slaty  greywacke  evidently 
occurs  in  a  series  of  low  undulating  troughs,  for  on  the  west  shore  in 
the  vicinity  of  perpendicular  rocky  cliffs  a  somewhat  similar  rock  is 
seen  dipping  N.  70°  W.  <  12°;  while  still  farther  north  along  the  same 
shore  the  dip  is  S.  70°  E.  <  3°.  A  hand  specimen  of  the  rock  from 
these  cliffs  shows  a  dark  greenish-grey  rather  fine-grained,  feldspathic 
sandstone  weathering  to  a  deep  brown  colour.  Under  the  microscope 
it  is  seen  to  be  composed  of  angular,  subangular  or  rounded  grains  of 
quartz,  orthoclase  and  plagioclase,  embedded  in  a  groundmass  relat- 
ively small  in  quantity,  composed  of  a  confused  aggregate  of  minute 
yellowish-green  sericite  scales.  Occasional  fragments  of  zircon  are 
present  and  a  considerable  quantity  of  iron  ore,  some  of  which  is 
ilmenite,  as  it  is  seen  altering  to  leucoxene.  A  large  amount  of 
chlorite  is  present  in  irregular  scales  and  plates  scattered  through  the 
rock,  and  this,  together  with  the  sericite  and  iron  ore,  gives  the  rock 
its  prevailing  dark  greenish-grey  colour. 

The  islands  in  the  northern  part  of  the  main  body  of  the  lake  are 
composed  of  more  massive  and  quartzose  sandstones,  which,  as  the 
Obisaga  narrows  is  approached,  assumes  more  closely  the  appearance 
and  composition  of  the  prevailing  arkose. 

On  the  northeast  side  of  the  hill,  near  Wendabin's  house,  to  the 
northwest  of  Lady  Evelyn  lake,  the  arkose  shows  massive  beds  of  a 
pale  flesh-red  colour.  To  the  eye  the  rock  closely  resembles  a  granite, 
but  under  the  microscope  its  clastic  character  is  clearly  seen,  and  the 
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texture  varying  considerably  in  different  parts  of  the  section.  Quartz, 
orthoclase  and  plagioclase  are  thickly  crowded  together  and  arc  con- 
nected by  comparatively  little  sericitic  matrix.  This  can,  however, 
be  seen  forming  at  the  expense  of  the  feldspar.  Thero  has  been  some 
enlargement  of  the  grains  by  subsequent  growth,  so  that  in  spite  of 
their  clastic  character  they  often  interlock  with  irregular  sutures.* 
To  the  west  of  Lady  Evelyn  lake  the  country  is  comparatively  flat 
for  a  considerable  distance,  and  is  composed,  for  the  most  part,  of  a 
fine-grained,  somewhat  massive  dark,  greenish-grey  greywaoke.  This 
merges  gradually  upward  into  the  coarse  quartzite-grit  or  arkose 
that  constitutes  the  range  of  high  hills  of  which  Maple  mountain  (so 
willed  by  Dr.  Bell  in  1888),  the  highest  part,  is  situated  almost  directly 
over  the  western  border  of  the  Lake  Timiskaming  sheet.  Specimens 
of  the  rock  obtained  by  Dr.  Bell,  in  his  ascent  of  the  mountain  from 
the  east  side,  showed  the  lower  portion  of  this  arkose  to  be  a  rook  not 
unlike  a  rather  fine-grained  granite.  This  is  interlaminated  with  small 
greenish  bands  in  which  sericite  is  relatively  much  more  abundantly 
developed.  The  rock  was  examined  by  Dr.  G.  H.  Williams  and  shown 
to  be  an  arkose  sandstone,  although  the  grains  are  mostly  angular  and 
often  much  fractured.  They  consist  of  quartz,  orthoclase  and  plagio- 
clase. Neither  mica  nor  chlorite  occur  in  this  section,  except  as  a 
component  of  the  sericitic  groundmass,  which  is  somewhat  abundant. 
Stains  of  ferric  hydroxide  are  plentiful  and  impart  the  reddish  colour 
to  the  rock.  At  the  High  pond  on  Maple  mountain  the  rock  is  a 
pale  yellowish- grey  quartzite,  showing  distinct,  more  or  less  rounded 
pebbles,  which  in  appearance  closely  resemble  their  matrix.  Sericite 
is  also  abundant,  visible  to  the  unaided  eye.  The  microscope  shows 
this  rock  to  be  composed  of  angular,  or  but  slightly  rounded  grains  of 
granitic  quartz,  full  of  fluid  inclusions,  which  are  embedded  in  a 
ground-mass  of  sericite  and  finer  quartz  fragments.  These  quartz 
grains  or  fragments  differ  greatly  in  size,  but  are  under  a  millimetre 
in  diameter.  Feldspar  substanee  is  now  rare,  although  once  present 
it  seems  under  the  influence  of  dynamic  action  to  have  passed  into 
sericite  or  muscovite.  In  a  matrix  of  this  character  medium  sized 
pebbles  are  embedded.  These  differ  from  the  matrix  principally  in 
having  a  more  siliceous  groundmass,  i.e.,  they  are  freer  from  the  seri- 
cite. They  arc,  however,  coated  with  a  membrane  of  sericite,  as  is 
apt  to  be  the  case  with  squeezed  conglomerates  or  grits.  The  rock 
'hows  distinct  evidences  of  the  action  of  pressure,  and  the  development 
of  it*  mica  is  probably  due  to  this  agency  * 
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At  the  Obisaga  narrows  the  pale  greenish-yellow  or  pale  flesh-red 
arkose  forms  perpendicular  cliffs  on  the  south  side,  a  talus  of  angular 
blocks  lying  at  the  foot.  It  occurs  in  thick,  massive,  much  jointed 
beds  dipping  to  the  southwest  <  28°.  This  rock  occupies  the  shore  on 
both  sides  of  the  narrows,  extending  beyond  for  a  distance  of  about 
three-quarters  of  a  mile,  where  it  gives  place  to  and  is  underlain  by 
the  banded  slate.  There  is  again  a  gradual  transition  downward 
through  a  massive  and  compact  slaty  greywacke'  into  the  readily 
cleavable  and  thinly  bedded,  distinctly  banded  slate  beneath.  This 
succession  may  be  well  seen  on  the  south  shore  of  this  portion  of  the 
lake  about  three-quarters  of  a  mile  west  of  the  Obisaga  narrows.  The 
prevailing  topography  of  the  country  to  the  eastward  undergoes  a 
marked  change  in  outline,  and  from  the  narrows,  known  to  the  Indians 
aB  Obashingwakoka,  to  the  point  where  the  lake  turns  abruptly  to  the 
northward,  the  shores  on  either  side,  especially  that  to  the  south,  are 
low  and  marshy,  with  only  hillocks,  points  and  beaches  of  yellow 
sand.  The  lake  is  correspondingly  shallow,  with  but  a  narrow  channel 
among  water-weeds. 

Before  entering  the  portion  of  the  lake  known  to  the  Indians  as 
Ko-ko-ko-wa-bikon,  and  often  referred  to  at  the  present  time  as  the 
Mattawapika,  (although  this  name  should  rightly  be  restricted  in  its 
application  to  the  immediate  vicinity  of  the  outlet  of  the  lake)  the 
water  is  divided  into  two  channels,  separated  from  one  another  by  an 
intervening  low  swampy  island.  The  channels  on  either  side  are  only 
about  thirty  feet  in  width  and  both  of  them  show  a  considerable 
current,  which  is  likewise  sensibly  felt  in  some  of  the  shallower  and 
more  obstructive  portions  to  the  west.  A  mass  of  diabase  of  dike- 
like  aspect  crosses  the  easterfi  point  of  the  island,  forming  the  rocky 
barrier  broken  through  by  the  waters  of  the  lake.  The  diabase  band, 
(which  is  an  extension  to  the  northward  of  the  large  or  main  mass  of 
similar  rock),  is  about  a  quarter  of  a  mile  in  width,  and  runs  parallel 
to  the  lake,  forming  its  immediate  western  shore-line  for  the  greater 
part  of  this  last  stretch  before  emptying  into  the  Montreal  river.  This 
Western  side  is,  as  a  rule,  steep  and  precipitous,  and  the  basin  occupied 
by  the  waters  of  this  part  of  the  lake  has  been  excavated,  for  the  most 
part,  along  the  line  of  junction  between  the  diabase  and  the  neigh- 
bouring slates  exposed  on  the  cast  side.  These  slates  are  banded  and 
rise  into  rather  prominent  and  steep  eminences,  the  beds  dipping  to 
the  east  at  low  angles.  The  contact  between  the  two  rocks  is  well 
exposed  at  a  point  on  the  west  shore  about  one  mile  and  a  half  south 
of  the  outlet.  The  diabase  is  distinctly  intrusive  through  the  slates, 
disturbing  and  altering  them,  while  veins  of  quartz  containing  dis- 
seminated Bulphides  fill  the  irregular  fissures  formed  during  the  irrup- 
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tion.  At  the  outlet  the  slates  present  beautiful  alternating  colour- 
bands  of  greenish  and  purplish  shades  running  with  and  indicating 
the  lines  of  stratification,  the  dip  being  to  the  southeast  <  18°.  The 
outlet  shows  a  series  of  small  rocky  islets  composed  of  these  slates, 
between  and  over  the  outcropping  ledges  of  which  the  water  pitches 
in  a  fine  cascade  about  twenty-five  feet  in  height.  The  presence  of 
this  chute  with  its  rocky  environment  suggested  the  name  Mattawap- 
ika,  by  which  this  locality  is  known  to  the  Indians. 

LAKE  TIMISKAMING  (HA1LEYBURY  P.O.)  TO  BAY  LAKE  (ON  MONTREAL  RIVER.) 

Prom  Haileybury,  situated  on  the  west  side  of  Lake  Timiskaming, 
in  the  township  of  Bucke,  to  Bay  lake,  on  the  Montreal  river,  there 
are  two  alternative  routes.  The  shorter  and  more  direct,  by  Sharp 
and  Loon  lakes  to  the  northeast  end  of  Portage  bay,  is,  however,  that 
least  used,  chiefly  on  account  of  the  greater  length  of  the  portages. 
But  apart  from  this  the  route  offers  many  advantages  over  the  other. 
The  portage  from  Haileybury  (Matabisataganing)  to  Sharp  lake  is 
by  a  tolerably  good  wagon-road,  a  little  over  six  miles  in  length,  that 
crosses  a  somewhat  flat  country,  with,  however,  a  general  slope  to- 
wards Lake  Timiskaming.  The  rock  beneath  is  concealed  by  what 
seems  to  be  a  good  depth  of  soil,  composed  chiefly  of  clay,  although 
in  the  vicinity  of  Sharp  lake  there  are  occasional  outcrops  of  the  grey- 
wack6  slate.  The  forest  growth  in  this  interval  is  chiefly  remarkable 
for  large  specimens  of  both  cedar  and  poplar,  probably  the  finest 
noticed  in  the  whole  district. 

Sharp  lake  (Agwasabanishing)  is  comparatively  narrow,  running 
north-and-south,  and  a  little  over  two  miles  in  length.  The  northern 
portion  presents  occasional  outcrops  of  the  well  banded  slate,  dipping 
in  a  northerly  direction  at  an  angle  not  far  removed  from  the  hori- 
zontal. On  the  west  shore  of  the  lake,  in  close  proximity  to  the  slate 
exposures  at  the  first  narrows  south  of  the  portage,  and  extending  for 
a  distance  of  a  quarter  of  a  mile,  are  outcrops  of  a  medium-textured 
greenish  and  greenish-grey  diabase,  which  evidently  forms  the  exten- 
sion in  this  direction  of  the  large  mass  that  runs  towards  Lake  Timis- 
kaming and  the  Montreal  river.  The  southern  half  of  Sharp  lake  has 
low  sloping  shores,  which  are  for  the  most  part  densely  wooded  and 
show  no  rock  exposures  of  any  kind. 

The  portage  to  Loon  lake  starts  from  the  bay  on  the  west  side  near 
the  southern  end  of  the  lake,  and  is  nearly  two  miles  in  length,  pass- 
ing through  a  level  country  underlain  by  coarse  sand  and  gravel. 
Loon  lake  itself  is  only  about  three-quarters  of  a  mile  in  length,  of  a 
rudely  oval  outline,  exhibiting  low  swampy  shores,  composed  for  the 
most  part  of  coarse  sand  with  no  outcrops  of  rock.  The  Indians  call 
this  lake  Ka-mang-onsiwing.    The  portage  from  Loon  lake  to  Bay 
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lake  is  about  two  miles  and  half  in  length,  and  also  runs  through  a 
comparatively  level  stretch  of  country,  apparently  underlain  by 
diabase.  A  portage  between  a  quarter  and  half  a  mile  in  length 
separates  Sharp  lake  from  Mud  lake  (Ka-wabijish-keewaga)  into 
which  it  drains.  This  is  somewhat  larger  in  size  than  Sharp  lake, 
though  very  shallow,  and  has  the  same  general  direction.  The  shores 
of  Mud  lake  are  low,  and  there  is  not  a  single  rock  exposure  through- 
out the  whole  extent  of  the  shore-line,  which  consists  of  coarse  sand 
and  rounded  boulders.  The  portage  from  Mud  lake  to  the  Montreal 
river  is  a  little  short  of  half  a  mile,  running  through  a  sandy  flat 
between  hills  of  diabase,  which  rock  occasionally  outcrops  close  to  the 
path.  To  the  north  and  east  of  Mud  lake  there  are  several  small 
lakes,  most  of  which  drain  northeastwards  towards  Farr  creek. 
Bass  lake  is  a  beautifully  clear  and  limpid  sheet  of  water,  and  is 
apparently  fed  by  springs.  This  lake  is  almost  on  the  same  level  with 
Mud  lake,  into  which  it  empties,  and  from  which  it  is  separated  by  a 
short  portage. 

The  portage  to  Clear  lake,  at  the  head  of  the  west  branch  of  Farr 
creek,  starts  from  the  north  end  of  Mud  lake,  about  an  eighth  of  a 
mile  southeast  of  that  going  to  Sharp  lake,  and  is  over  three-quarters 
of  a  mile  in  length.  It  passes  through  woods  composed  chiefly  of 
poplar  and  soft  maple,  and  over  ridges  of  greenish  diabase  or  gabbro, 
the  summit  rising  about  two  hundred  feet  above  Mud  lake.  Clear 
lake,  as  well  as  the  much  larger  one  to  the  northeast,  into  which  it 
empties,  and  which  on  account  of  its  numerous  islands  and  bays  is 
called  Snssaganaga  lake,  are  surrounded  on  all  sides  by  well  wooded 
ridges  composed  of  diabnse  and  gabbro.  Fragments  of  the  banded 
slate  were  noticed  embedded  in  the  eruptive.  Both  these  lakes  and 
the  stream  which  forms  this  outlet  constitute  portions  of  a  route  to 
Lake  Timiskaming  which  is  now  practically  abandoned. 

LAKE  TIMAOAMI. 

This  name  is  of  Chippewa  derivation,  meaning  "  deep  water." 
Other  names,  Temagaming,  Temagamang  and  Tamagamingue,  often 
applied  to  it,  are  different  methods  of  spelling  the  same  word,  while 
the  additional  ending  "  inw  "  or  "  ingue  "  is  simply  a  locative  affix 
denoting  "  at "  or  "  towards  the  place  of." 

In  shape  the  lake  presents  long  and  often  branching  arms  reaching 
out  in  various  directions  from-  a  somewhat  stunted  body.  The  main 
part  of  the  lake,  which  occupies  an  approximately  central  position 
with  regard  to  the  different  large  bays,  covers  roughly  an  area  of  about 
twenty-five  square  miles,  although  the  greater  portion  of  this  space  is 
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dotted  with  islands,  some  of  which  are  of  large  size.  The  water  super- 
ficies of  the  various  large  arms  represent  an  additional  seventy-five 
square  miles,  making  a  total  of  one  hundred  square  miles.    It  has  a 
general  north-and-  south  direction,  and  its  greatest  length,  from  the 
southern  end  of  the  southwest  arm  to  the  northern  extremity  of 
Whitefish  hay,  is  twenty-eight  miles  and  a  half  in  a  straight  line, 
although  the  most  direct  canoe  channel  between  these  two  points 
measures  thirty  miles.   In  width,  from  the  western  shore  to  the  main 
body  of  the  lake  to  the  portage  running  to  the  Caribou  Lake  portage, 
it  is  sixteen  and  a  half  miles  in  a  direct  line.    The  most  important 
of  the  many  bays  that  form  so  large  a  part  of  this  lake,  is  the  North- 
east arm,  extending  from  Point  Matagama  to  the  Caribou  Lake  por- 
tage, a  little  over  twelve  miles,  in  a  direction  about  N.  60°  E.,  and 
varying  in  width  from  half  a  mile  to  a  mile.    To  the  south  of  this, 
Muddy  Water,  Cross  and  Portage  bays  indent  the  eastern  shore-line, 
the  first-mentioned  being  about  four  miles  long  and  half  a  mile  wide. 
The  South  arm  lies  almost  directly  north-and-south,  and  is  about 
seven  miles  in  length,  from  a  mile  to  over  two  miles  in  width.  The 
southern  and  southeastern  shores  present  a  series  of  smaller  bays, 
the  largest  of  which  affords  an  exit  to  the  chief  outlet  of  the  lake,  a 
steep  rapid  known  as  the  Timagami  chute,  separating  these  waters 
from  those  of  Cross  lake.    The  Southwest  arm  is  almost  completely 
cut  off  from  the  main  lake  by  Narrows  island.   The  connecting  chan- 
nel to  the  southeast  of  this  island  is  very  narrow  and  crooked,  while 
that  between  the  island  and  the  western  mainland  has  a  width  of  a 
little  over  an  eighth  of  a  mile.   From  this  narrows  the  bay  extends  for 
about  three  miles,  gradually  bending  around  to  the  south,  which  trend 
is  maintained  for  a  little  over  six  miles  farther,  when  it  branches 
into  two  smaller  bays,  one  running  to  the  southwest  and  the  other  to 
the  southeast  for  a  distance  of  about  two  miles  in  each  case.  The 
width  is  very  variable,  in  some  cases  the  shores  being  separated  by  a 
distance  of  oveT  two  miles,  while  in  the  more  contracted  portions  they 
usually  approach  within  a  quarter  or  a  half  a  mile  of  one  another. 

To  the  north,  the  largest  extension  has  been  called  the  North  arm. 
from  its  general  trend.  Nearly  eight  miles  north  of  the  Hudson's  Bay 
Company's  post  this  arm  is  divided  into  two  subsidiary  bays,  the 
eastern  one  being  known  as  Ferguson  bay.  running  towards  the  inlet 
from  Annima-Nipissing  lake,  a  distance  of  nearly  five  miles  farther; 
while  the  western  extension  runs  a  little  west  of  north  for  about  eight 
miles,  being  again  subdivided  at  the  upper  end  into  two  parts  known 
as  Whitefish  bay  and  Sharp  Rock  inlet.  The  latter  portion  is  almost 
completely  separated  from  the  rest  of  the  lake  by  Deer  and  Beaver 
islands,  having  narrow  and  crooked  channels  at  either  extremity,  in 
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which  more  or  less  current  is  usually  discernible,  especially  after 
violent  winds  from  the  south. 

Between  the  North  and  Northwest  anns  there  are  several  minor 
indentations,  known  as  Ko-ko-ko,  Young  Loon  and  Spawning  bay*. 
Of  these  the  first  mentioned  is  the  largest,  running  in  a  direction  a 
little  east  of  north  for  a  distance  of  about  four  miles,  and  receiving  at 
its  head  the  waters  of  a  rather  large  lake  bearing  the  same  name. 
The  Northwest  arm  (Wuskigama)  runs  a  little  west  of  north,  with  an 
average  width  of  over  half  a  mile,  for  a  distance  of  a  little  over  four 
miles  from  Naipaga  point,  when  it  changes  abruptly  to  the  west, 
which  general  course  is  maintained,  with  slight  deviations,  for  a  fur- 
ther distance  of  nearly  three  miles  and  half. 

Like  other  lakes  of  the  Arcluran  region  this  is  characterized  by 
great  irregularity  of  its  shore-line  and  by  the  vast  number  of  islands 
with  which  it  is  filled.  These  islands  vary  in  size  from  mere  rocks  to 
some  which  are  several  square  miles  in  area  and  complex  in  form.  AQ 
shown  by  the  detailed  survey  of  the  lake  there  are  over  thirteen  hun- 
dred of  these  islands  scattered  over  the  surface,  the  main  body  of  the 
lake,  especially,  containing  a  large  number. 

The  most  important  factors  that  have  determined  the  distribution  of 
land  and  water  are  the  strike  of  the  foliation  or  planes  of  pressure- 
cleavage  and  the  unequal  resistance  offered  during  the  progress  of 
erosion  by  the  different  varieties  of  the  surrounding  rocks.  The 
various  bays  or  arms  have  been  excavated  for  the  most  part  in  the 
slaty  bands,  in  a  direction  corresponding  with  the  strike  of  the  folia- 
tion; while  the  >horc-lines  frequently  and  for  long  distances  are  com- 
posed of  the  hard  and  unyielding  massive  diabases  or  gabbro.  As  a 
rule  the  banks  of  the  lake  are  high  and  rocky  in  many  places,  especi- 
ally where  the  diabasic  rocks  prevail,  rising  in  cliffs  from  a  hundred 
to  two  hundred  feet  in  height.  Marshy  tracts  are  few  and  small,  and 
with  the  exception  of  occasional  reefs  the  wat«r  is  comparatively 
deep  to  within  a  very  few  feet  of  the  shore.  Sandy  or  shingle  beachos 
are,  as  a  rule,  rather  rare  and  of  small  extent,  although  at  the  north- 
ern end  of  the  lake,  forming  the  northern  shore  of  Sandy  inlet  (Kaw- 
aminashing)  there  is  a  fine  sandy  shore. 

The  deepest  of  a  few  soundings  made,  at  a  point  within  about 
thirty  chains  of  the  western  shore  of  the  main  body  of  the  lake,  was 
167  feet,  while  another  within  about  half  this  distance  from  the  same 
shore  showed  127  feet.  About  mid-channel  between  Bear  island  and 
the  group  of  islands  opposite  to  the  west  the  depth  varies  from 
seventy-five  to  eighty-five  feet.  Several  soundings  taken  at  various 
places  about  the  central  part  of  the  channel  of  the  Northeast  arm 
clearly  showed  the  existence  of  a  deep  and  practically  unobstructed 
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navigable  channel  to  within  a  short  distance  of  the  portage  to 
Caribou  lake.  The  greatest  depth  was  found  about  a  mile  south- 
west of  Broom  island,  120  feet,  while  in  the  centre  of  the  large  open 
space  about  three  miles  and  a  half  from  the  Caribou  Lake  portage 
the  depth  is  only  ninety-five  feet.  At  the  several  contracted  places 
along  the  course  of  the  channel  the  water  iB  much  shallower,  the 
depth  opposit  the  mouth  of  the  Tetapaga  lake  being  only  fifty-one 
feet,  while  in  the  narrows,  about  a  mile  and  a  half  from  the  portage, 
the  depth  is  only  twenty-nine  feet.  The  water  of  the  lake  is  pure 
and  clear  and  of  a  light  sea-green  tint,  while  the  fish,  chiefly  trout, 
whitefish,  bass,  pickerel,  pike  and  ling,  are  noted  for  their  size  and 
quality. 

The  clastic  rocks  exposed  on  the  shores  of  this  lake  include  at  the 
base  the  usual  and  widespread  breccia-conglomerate.  This  rock  has 
already  been  described,  and  here  presents  no  unusual  features  re- 
quiring special  mention.  Here,  as  elsewhere  throughout  the  region, 
it  passes  upward  through  a  massive  dark-greenish  greywacke*  or 
feldspathic  sandstone,  comparatively  free  from  the  larger  fragments  or 
pebbles,  into  a  branded  slate  which  is  the  highest  member  of  the 
Huronian  noticed  in  the  tract  of  country  immediately  bordering  this 
lake.  Along  the  Northeast  arm  the  prevailing  rock  is  a  light  green- 
ish-grey sericite  schist  containing  a  great  deal  of  quartz  in  the 
form  of  small  lenticular  patches  and  veins  running  parallel  to  the 
foliation.  Interlaminated  with  these  hydromica  schists  are  rudely 
oval  patches  or  masses  of  a  light  greenish-grey  siliceous  dolomite.  The 
quartzose  impurities  are  arranged  in  narrow  vein-like  forms  which 
reticulate  in  all  directions  through  the  mass,  so  that  when  subject  to 
ordinary  weathering  processes  these  stand  out  in  relief,  leaving  irre- 
gular hollow  interruptions  composed  of  the  softer  and  more  easily  dis- 
tinguished material.  One  of  these  masses  occurs  on  the  smaller  point 
to  the  east  of  the  outlet  from  Hay  lake  on  the  north  shore,  while 
several  were  noticed  along  the  lewer  portion  of  the  outlet  from  Teta- 
paga lake  as  well  as  at  several  points  along  the  shore  in  this  neigh- 
bourhood. A  large  mass  occurs  on  some  islands  a  little  over  half  a 
mile  west  of  the  portage  into  Caribou  lake.  The  sericite  schist  curves 
around  these  ovoid  masses  of  impure  dolomite,  the  latter  having  been 
but  little  deformed  by  the  pressure  which  has  tilted  and  altered  the 
schists. 

These  hydromica  schists  or  slates  have  evidently  resulted  from  the 
shearing  and  decomposition  of  the  Huronian  slates,  due  to  the  close 
proximity  of  the  two  large  masses  of  granite  that  occur  to  the  north 
and  south  of  this  bay.  It  seems  probable  that  these  two  masses  of 
granite  are  united  at  a  short  distance  below  the  present  surface,  and 
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that  the  schists,  therefore,  occupy  a  comparatively  shallow  and  narrow 
trough  of  highly  inclined  strata  which  have  sagged  flown  somewhat 
into  the  originally  plastic  mass  beneath.  This  supposition  best  ex- 
plains the  abundance  of  the  quartz  veins  and  masses  of  pegmatitic  or 
secondary  origin,  as  well  as  the  extreme  but  uniform  alteration  of  the 
clastic  material,  indicating  the  former  presence  of  an  abundant  sup- 
ply of  super-saturated  and  heated  siliceous  waters  and  vapours  con- 
nected with  the  intrusion  of  the  granite.  On  Ko-ko-ko  bay,  likewise, 
the  clastic  rocks  have  in  many  place*  undergone  extensive  alteration, 
Fig.  6.  and  the  pebbles  and   fragments  of 

the  prevailing  breccia-conglomerate 
are  embedded  in  a  highly  s<fueezed 
sericitic  or  chloritic  matrix,  which 
has  a  flow-like  arrangement  round 

_  IN  8ERIOITB  SCHIST.  .  .  * 

ko-ko-ko  bat.  the  inclusions,  caused  by  the  great- 

er hardness  of  these  offering  more  effectual  resistence  to  the  pressure 
to  which  the  softer  matrix  has  yielded. 

Throughout  the  whole  of  the  southern  part  of  the  lake  the  numer- 
ous and  wide  exposures,  almost  without  exception,  show  the  granitic 
and  diabasic  pebbles  and  fragments  characteristic  of  the  basal  breccia- 
conglomerate ;  but  in  some  places  the  massive  greywacke  occurring 
above  is  present,  while  in  occasional  localities  at  the  northwest  point 
of  High  Kock  island  and  the  northwestern  part  of  Cross  bay  the 
still  higher  banded  slates  rise  into  hills  of  more  than  a  hundred  feet. 

The  most  distinct  and  persistent  structural  feature  which  obtains 
in  the  more  massive  forms  of  the  greywack6  and  breccia-conglomerate 
is  a  pressure-foliation  or  cleavage.  In  most  places  there  is  little  or  no 
sign  of  stratification,  especially  in  the  basal  beds,  the  pebbles  and 
fragments  being  irregularly  distributed  in  a  massive  and  compact 
matrix,  but  the  colour  bands  of  the  overlying  slates  are  a  certain 
criterion  of  sedimentation,  and  these  show  plainly  that  the  various 
clastic  rocks  lie  in  low,  broad  undulating  folds,  dipping  for  the  most 
part  at  gentle  angles.  The  development  of  the  foliation  seems  to  have 
been  determined  by  the  pressure  exerted  during  the  intrusion  of  the 
large  masses  of  irruptive  material  with  which  the  clastic  rocks  are  so 
intimately  and  so  frequently  associated.  The  breccia-conglomerate 
greywHcke  and  banded  slates  are  very  evidently  graded  forms  of 
the  same  rock,  differing  only  in  their  relative  degrees  of  coarseness. 
In  origin  they  plainly  represent  pyroclastic  material,  and  may  be 
connected  generally  with  the  irruption  of  the  massive  plutonic  rocks, 
although  the  clastic  rocks  have  very  evidently  been  disturbed  and 
altered  to  a  certain  extent  during  the  progress  of  their  irruption. 
Such  structural  relationship  is  not,  however,  inconsistent  with  known 
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facts  of  contemporaneous  volcanic  action,  the  associated  volcanic 
ejectaroenta  being  frequently  pierced  ami  altcre  1  by  dikes  and  masses 
of  the  parent  plutonic. 

The  irruptive  rocks  present  on  the  lake  comprise  diabase,  gabbro 
and  granite.  The  diabase  and  gabbro  are  usually  intimately  asso- 
ciate*] in  the  same  mass,  differing  only  in  their  structure,  which  is 
sometimes  macroscopically  apparent,  but.  as  a  rule,  only  under  the 
microscope.  In  composition  they  are  made  up  chiefly  of  plagioclase 
and  augite.  the  latter  usually  showing  incipient  alteration  to  green 
trichroic  hornblende,  while  occasionally,  especially  in  the  vicinity  of 
certain  small  shrinkage-cavities,  the  reddish-hrown  augite  is  com- 
pletely decomposed  to  hornblende  that  has  assumed  the  actinolitic 
habit.  Usually  biotite  is  present,  sometimes  in  considerable  quantity 
and  some  allotriomorphic  quartz,  filling  in  the  interspaces  between 
The  other  constituents.  Ilmenite,  showing  the  characteristic  alteration 
to  leucoxene,  pyrite,  chaleopyritc  and  pyrrhotite.  may  also  be  noticed. 
A  portion  of  the  northeast  shore  of  the  main  body  of  the  lake  pre- 
sents exposures  of  coarse  flesh-red  granitite,  forming  the  extension  in 
this  direction  of  the  mass  which  covers  so  large  an  area  to  the  north- 
east. The  rock  is  exceedingly  coarse  and  massive,  often  porphyritic, 
the  phenocrysts  being  mostly  Carlsbad  twins  of  orthoclase,  often 
from  one  to  two  inches  in  diameter.  The  biotite,  originally  present 
in  small  quantity,  has  been  almost  wholly  converted  to  chlorite.  The 
whole  mass  is  intersected  by  numerous,  often  large,  dikes  of  pegma- 
tite and  fine-grained  ieisite. 

In  the  area  immediately  surrounding.  Lake  Timagami  are  several 
small  lakes,  some  of  which  are  worthy  of  brief  description.  The 
largest  of  these,  Obabika  (Rocky  Narrows)  lake  is  about  fifteen  miles 
long,  with  an  average  width  of  over  three-quarters  of  a  mile.  The 
inlet,  and  the  outlet,  are  situated  within  three-quarters  of  a  mile 
from  one  another,  on  the  west  side,  near  the  northern  end  of  the  lake. 
Two  short  portages,  nearly  half-way  down  the  lake  on  the  east  side, 
afford  an  entrance  through  a  small  lake  into  the  Northwest  arm  of 
Lake  Timagami.  A  short  portage  separates  this  lake  also  from  Wa- 
wiagania  or  Round  lake,  which  extends  beyond  the  western  boundary 
of  the  map,  constituting  an  important  link  in  a  canoe-route  towards 
the  Sturgeon  rapids,  and  thence  to  Wanapitei  lake.  In  the  northern 
portion  of  Obabika  lake  the  rock  exposed  along  its  somewhat  flat 
shores  is  the  banded  green  slate,  the  light  and  dark-greenish  bands 
indicative  of  the  bedding  dipping  E.N.E.  <  12°  to  15°.  Diabase 
comes  out  on  the  eastern  shore  to  the  south  of  the  small  bay  on  the 
route  to  Lake  Timagami,  while  the  breccia-conglomerate  in  very 
massive,  beds  outcrops  all  along  the  eastern  shore  in  the  southern 
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part,  and  the  overlying  evenly  banded  slates  at  one  point  on  the 
western  shore  from  nearly  vertical  cliffs  of  considerable  altitude, 
with  a  northwesterly  dip  <  3°. 

The  immediate  shores  of  Round  lake  are  low,  that  on  the  south 
side  exhibiting  a  good  many  low  hummocks  of  slate,  with  intervening 
swampy  stretches.  The  western  shore  to  the  north  of  the  outlet  is 
formed  by  comparatively  high  cliffs,  the  lower  portion  of  which,  up  to 
a  height  of  about  fifteen  feet  above  the  water,  is  composed  of  a  green, 
well  banded  slate,  dipping  at  a  low  angle  (about  3°)  to  the  west,  while 
superimposed  upon  this,  probably  as  a  sill,  is  a  massive  greenish  dia- 
base containing  abundantly  disseminated  pyrite.  The  northern  shores 
show  only  one  exposure  .of  slate,  the  intervening  spaces  being  low  and 
swampy. 

Gull  lake  (Gyasgosenda),  to  the  west  of  the  main  body  of  Lake 
Timagami,  forms  a  part  of  the  most  direct  canoe-route  across  country 
to  Wanapitei  lake.  Three  different  routes  may  be  taken  from  Tima- 
gami to  Gull  lake.  The  most  northerly  is  made  up  of  two  portages 
and  an  intervening  small  lake;  the  first  portage  leaving  a  small  bay 
on  the  west  side  of  Lake  Timagami,  a  short  distance  south  of  Nai- 
paga  point  at  the  entrance  of  the  Northwest  arm,  while  the  second 
portage  debouches  on  the  extreme  northern  end  of  Gull  lake.  A 
second  route,  and  the  one  most  frequently  used,  consists  of  a  single 
long  portage,  which  goes  up  a  gully  on  the  west  shore  of  the  lake 
airectly  opposite  the  Hudson's  Bay  Co.'s  post,  while  a  third  leaves 
the  Southwest  arm  about  two  miles  southwest  of  the  narrows,  and 
passing  through  two  lakes  comes  out  on  the  east  side  of  the  southern 
half  of  Gull  lake.  The  canoe-route  thence  to  the  Sturgeon  river  has 
seven  portages,  none  of  which  are  of  any  great  length,  while  the  lakes 
encountered,  Turtle,  Manito-peepagee  and  Wawiashkashing,  are  all 
of  them  rather  large  and  important. 

On  the  northwest  side  of  Gull  lake  the  rock  is  the  greywacke" 
slate,  while  the  eastern  shore,  as  well  as  the  southern  part  of  the  lake, 
show  outcrops  of  the  massive  greenstone  (diabase  and  gabbro).  The 
contact  between  this  irruptive  diabase  and  the  associated  slates,  on 
the  most  northerly  of  the  canoe-routes  entering  Gull  lake,  comes  in 
near  the  southwest  end  of  the  first  portage  from  Lake  Timagami,  the 
dark  greenish-grey  feldspathic  slates  in  conjunction  dipping  S.  70° 
W.  <  65°. 

From  this  point  the  line  of  demarcation  curves  around  to  the  south- 
west, striking  the  east  shore  of  Gull  lake  about  three-quarters  of  a 
mile  from  the  north  end.  Crossing  Gull  lake,  the  islands  in  this  por- 
tion of  which  are  composed  of  slate,  it  leaves  the  bay,  running  to  the 
southwest  immediately  north  of  the  narrows.   To  the  south,  the  con- 
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tact  between  the  greenish  feldspathic  sandstone  and  breccia-conglom- 
erate leaving  the  west  shore  of  Lake  Timagami,  about  three-quartera 
of  a  mile  south  of  the  narrows  at  the  entrance  of  the  Southwest  arm, 
crosses  the  first  portage  on  the  most  southerly  of  the  three  routes  to 
Gull  lake.  Thence,  with  a  southwesterly  strike,  it  cuts  across  the 
southern  ends  of  Gull  and  Turtle  lakes,  and  runs  to  the  east  of 
Manito-peepagee  lake,  and  parallel  to  its  general  trend  as  far  as  its 
southern  extremity.  Here  it  turns  abruptly  to  the  west,  crossing  the 
southern  end  of  this  lake,  and  the  small  lake  on  the  route  immediately 
to  the  west.  The  slates  and  feldspathic  sandstone  in  conjunction 
with  this  greenstone  are  all  hardened  and  otherwise  altered  in  the 
immediate  vicinity  of  the  contact,  while  the  pressure-cleavage  which 
is  the  only  visible  structural  feature  conforms  with  the  line  of  out- 
crop of  the  diabase. 

Ko-ko-ko,  or  Night  Owl  lake,  enters  the  northern  end  of  a  narrow 
arm  or  inlet  which  bears  the  same  designation,  running  in  a  north- 
erly direction  from  the  main  body  of  Lake  Timagami.  The  shores 
exhibit  excellent  exposures  of  the  breccia-conglomerate  on  the  east 
side,  with  which  rock  is  associated  an  overlying  compact  feldspathic 
sandstone.  These  are  penetrated  by  a  massive  intrusive  greenstone, 
chiefly  diabase  in  composition  and  structure,  which  occurs  in  a  large 
mass  coming  out  on  the  northwest  side  of  the  lake. 

Young  Loon  and  Spawning  lakes  enter  smaller  bays  off  the  east  side 
of  the  main  body  of  Lake  Timagami,  the  latter,  together  with  Mc- 
Laren, Commanda  and  Hay  lakes,  forming  a  canoe-route,  which,  with 
short  intervening  portages  affords  a  means  of  communication  l>etween 
this  portion  of  the  lake  and  the  Northeast  arm,  near  Broom  island. 
With  the  exception  of  Hay  lake  all  are  surrounded  by  hills  of  a 
coarsely  crystalline  flesh-red  granitite,  composed  chiefly  of  flesh-red 
feldspar,  greyish-white  quartz  and  a  sparing  quantity  of  chloritized 
biotite.  Occasional  exposures  are  rather  fine-grained,  and  eontain 
proportionately  a  greater  amount  of  the  coloured  constituents,  while, 
on  the  other  hand,  the  coarser-grained  material  is  almost  entirely  free 
from  the  bisilicates.  At  one  point  near  the  south  end  of  Young  Loon 
lake  a  dike  of  dark-greenish  compact  material  was  seen  cutting  the 
granite  and  running  N.  28°  E.  The  contaet  between  the  mass  of 
granitite  and  the  sericitic  schists  exposed  to  the  south  on  Hay  lake 
and  the  Northeast  arm  of  Lake  Timagami  crosses  about  half  way 
over  the  portage  between  Commanda  and  Hay  lakes. 

Tetapaga  creek,  which  enters  the  Northeast  arm  of  Lake  Tima- 
gami a  little  over  two  miles  east  of  Broom  island,  serves  to  drain 
Tltapaga  and  Vermilion  lakes,  which,  together  with  two  small  beaver- 
ponds  and  Kanichee-kinikisinik  lake  beyond,  form  a  short  and  direct 
4330—13 
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canoe-route  to  Net  lake.  From  the  east  end  of  Tetapaga  lake  a  port- 
age runs  to  Turtle  lake,  which  empties  into  a  bay  on  the  southwest 
side  near  the  lower  end  of  Net  lake,  and  a  short  carry  over  some 
ledges  of  serisite-schist,  from  the  south  side  of  Turtle  lake,  affords'an 
entrance  to  the  Northeast  arm  of  Lake  Timagami  to  the  north  of 
Ferguson  Mine  point.  Tetapaga  creek,  which  runs  in  a  southwesterly 
direction,  is  navigable  for  canoes  for  a  distance  of  over  a  mile  from 
the  lake,  and  a  portage  of  lees  than  half  a  mile  on  the  southeast  side 
of  the  stream  is  all  that  intervenes  before  Tetapaga  lake  is  reached. 
The  rock  exposed  along  the  river  is  the  dark  greenish-grey  and  green- 
ish hydromica  and  chloritic  schists,  striking  from  N.  50°  E.  to  N. 
60°  E.,  and  dipping  to  the  northeast  <  60°.  These  schists  are  inter- 
•  foliated  with  occasional  large  oval  patches  or  areas  of  a  rusty  weather- 
ing siliceous  dolomite. 

On  Tetapaga  lake  the  rock  is,  for  the  most  part,  a  light  greenish- 
grey  sericite-schist,  nearly  vertical  in  attitude,  and  with  a  strike  of 
N.  78°  E.  On  Vermilion  lake  the  rock  is  very  similar  in  character, 
but  has  an  average  strike  of  N.  57°  E.,  dipping  to  the  southeast 
<  80° ;  while  on  the  southeast  shore  a  quartzose  slate  contains  beds 
of  red  hematitic  matter  interlaminated  with  others  of  finely  granu- 
lar magnetite.  In  places  the  rock  is  associated  with  chlorite,  and  is 
greatly  decomposed,  showing  large  quantities  of  pyrite  and  pyrrhotite, 
the  whole  striking  N.  70°  E.  and  dipping  southeast  <  75°.  On  the 
portage  running  northwards  from  the  beaver-pond  that  lies  to  the 
northeast  of  Vermilion  lake  the  rock  exposed  is  a  light  greenish- 
grey  sericitic  schist,  striking  from  N.  44°  E.  to  N.  59°  E.,  and  dip- 
ping southeast  <  70°. 
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Ll8T  OF  ELEVAT10N8. 

The  following  elevations  were  obtained  from  a  careful  compilation 
of  the  profiles  of  the  Canadian  Pacific  railway,  the  Northern  and 
Northwestern  Division  of  the  Grand  Trunk  railway,  the  location 
survey  of  the  Nipissing  and  James  Bay  railway,  together  with  a  list 
Published  in  1860,  by  Thomas  C.  Clarke,  C.E.,  in  a  report  on  the  sur- 
veys  of  the  Ottawa  Ship  canal.  These  were  corrected  by  a  compari- 
800  with  the  recently  perfected  levels  of  the  United  States  Lakes 
Survey,  as  published  by  Mr.  L.  Y.  Schermerhorn  in  the  American 
Journal  of  Science,  April,  1887. 

The  heights  of  the  various  lakes  on  the  Mattawa  river  are  from  a 
list  compiled  by  Mr.  James  White,  Geographer  to  the  Geological  Sur- 
vey of  Canada  * 

Elevations  marked  thus  (*)  have  been  deduced  from  actual  level- 
while  the  others  have  been  determined  by  means  of  the  aneroid 
barometer  checked  at  frequent  intervals. 
All  heights  are  in  feet  above  mean  tide  water  at  Quebec. 


Mil**  fmtii 
Moutreal. 


318 
324 
3*1-1 

396  9 
343  it 
317  9 
357  6 
360 
Ki  5 
373-5 
378 
38*  8 

3*r7 

397  -4 
406 


/-    Elevation*  on  Canadian  Pacific  railicay  (Main  line.) 

Mattawa  

Calvin.  

Eau  Claire .  .       

Rutherglen   

Bonfield    

Naabonning  

Thomcliffe.    

Xi pitting  Junction  

North  Bay  

KcancatfO.  

Meadowiide    

Sturgeon  Falls   . 

C%che  Bay  

Verner  

Warren    


Height  in 
Feet. 


•See  Trana.  Roy.  Soc.  Can.,  2nd  Series,  vol.  1„  Sec  VI.,  pp.  188-189. 
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•564 
♦696 
•591 
•K37 
•782 
•786 
•699 
•C74- 


%73 
•661 
•685 
•652 
•(i69 
•689 
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11  25 
24  30 

37  95 

38  07 


45-77 


2.    Elevation*  on  the  Canadian  Pacific  railway 
(Timiikaming  branch.) 


Junction  with  Main  line  

Snake  Creek  siding  

Lumsden  station  and  siding 

Kipawa  Junction  

Gordon  Creek  station  

Lumsden  Mills  siding  

Bridge  over  Long  lake  

Bridjre  over  "\  "  lake  

Ki|>awa  station  and  siding. .. 
Kipawa  Lake  dam  


•571 
•543 
•551 
•580 
•593 
•801 
•831 


Miles  from 
Toronto. 


Height  in 
Kent 


216-9 
219  6 
223  3 


J.    Efi  wtion*  on  f.ratui  Trunk  raihrau 
(S.  A  N.  W.  DtvistonJ 

Crossing  with  the  NipUsing  and  NasK.nsing  railway 

Callander    

Nipissing  Junction  


•743 

•670 
•674 -6 


High 
Water. 

Mean 
Level. 

Low 
Water. 

feet. 

feet. 

feet 

•509  5 

•495  2 

*fi09 



•506 

•503 

•507  5 

•SOS -5 

•495  5 

•519 

•505 

•520  31 

•506  31 

•532  63 

•518  63 

•533  13 

»« ■ • •  •  * 

•519  13 

•540  13 

•522  23 

•540  13 

•522  23 

•542-63 

•522  73 

•542  63 

•522  73 

•591-63 

•577  63 

•591 

•572 

•591 

•571 

•591 

•677 

•591 

•577 

•591 

•577 

•591  8 

•577  8 

•591  8 

•577  8 

•592 

•578 

'843'" 

4.    Elfationi  on  Ottawa  rirtr. 

Ottawa  Kiver  junction  with  Mattawa  river  (1859.)  

(1890.).  .. 
(1891.)  

(1898.  

>•  ii  >•  (18;>3  )  

..  foot  of  La  Cave  rapids  

<■  head  of  La  Cave  rapids    

foot  of  L«-»  F.raUes  rapid*  

head  of  Les  Knibles  rapid*   . 

foot  <»f  Mountain  rapids  .   

i.          head  of  Mountain  rapid*  

n         foot  of  Seven  Ltt&gue  lake  

ii  head  of  Seven  League  lake   ...  . 

foot  of  Lmg  Sault  rapids  

i.         head  of  Lmg  Sault  rapids   

head  of  Long  Sault  rapids  (1887)  

head  of  Long  Sault  rapids  (lHil4>  

Lake  Tiiniskaming  Mow  1'resqu  ile  

"  above  Pres<pi'ile  

Mow  Opiiuika  narrows  

n  a)sive  Opiiuika  narrows  

Mow  <  >ld  Fort  narrows  

alxjve  Old  Fort  narrows  

Lac  des  Quinze  
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Miles  from 
Montreal . 


308  00 
310  40 
310  80 

316  25 
316'30 
31686 

317  00 

318  20 
318-30 

319  00 
319  01 
321  66 

321  85 

322  3T» 

323  3S 

324-  53 

324  71 

325  18 

325-  33 
to 

336  08 

36  | 
to  I 
347  79  J 
361  98 


5.  Levelt  on  Matlaica  rirtr 


Month  of  Malta  wa  liver    

Foot  of  Plein  Chant  rapid  and  chute . 

Head  of  Lac  Plein  Chant  

Foot  of  Dee  Epinee  rapids  

Head  of  Dei  bpinea  rapid*  

Foot  of  Rapide  de  la  Rose  ....   

Head  of  Rapide  de  La  Row  

Foot  of  Rapide  dea  Roehers.      .    .  . 

Head  of  Rapide  de«  Rochera  

Foot  of  Rapide*  des  Aiguilles  

Head  of  Rapides  dee  Aiguilles  

Foot  of  Chute  de  Pareeseux  

Head  of  Chute  de  Pareaseux.  

Foot  of  Little  Paremeux  rapide ...... 

Head  of  Little  Pareseeux  rapids. 

Foot  of  Lake  Pimisi  (Eel  lake)  

Foot  of  Talon  chute.  

Head  of  Talon  chute  

Rapid  below  Lake  Talon  

Foot  of  Lake  Talon  


Head  of  Lake  Talon. 
Foot  of  Turtle  lake. . 


Trout  lake  

Lake  Nipissing  (Ea*t  shore). 


High 
Water. 


feet. 
•509  5 


•639-3 


•685-9 
•687-8 
•647  8 


6*.  Leitlt  on  Sturgeon  river. 

LakeNipissing  

Stor&eon  riverr  below  Sturgeon  Falls  

n  above  Sturgeon  Fall*   

••         below  Sandy  fall*  

..  above  Sandy  falls  

n  below  Rapids  

h  above  Rapide  

••  below  Smoky  falls  

m  above  Smoky  falls  *732  14 

••  mouth  of  Tomiko  river  *738 '  51 

mouth  of  Pike  river  *740  60 

!•  mouth  of  Snake  creek   i  *748 

ii  mouth  of  Timagami  river  *752 

n  at  mouth  of  Maskinonge  river  

n  at  mouth  of  Wawashkaehing  creek ... 

' 'inl  lake  (on  Maakinonge  river)  

band  lake     

Third  lake  (Murrav  lake)  

fourth  lake  

Mukinonge- warranting  lake  

Snull  lake  (on  Kookaganing  creek)  


795 


815 
813 
814 
815 
826 
H36 
844 
858 
884 
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6.  Level*  on  Sturgeon  river— Cont. 


Kookaganing  lake   .   

McLaren  river  (at  foot  of  portage  from  lake). 

Mattagomaahing  lake    

Small  lake  flowing  into  Wanapitei  

Wanapitei  lake   


Moan 

Level. 


7.  Levels  on  Timagami  river. 

Mouth  of  Tiinagami  river     *752 

Island  lake  

Red  Cedar  'ake   

Head  of  Swift  Current  

Head  of  Sand-har  rapid  

Head  of  Burnt  Pottage  rapid 

Head  of  rapid  

Head  of  Log- jam  rapid   

Head  of  Twin  rapids  ...  . 

Head  of  Flat  rapid  

Lake  Crow. 


8.  Levels  on  Marten  creek. 


I 


Red  Cedar  lake  

Marten  creek,  above  rapid  

ii  ..      Swift  Current. 

ii  ii  rapid. 


■t 


Swift  Current, 
rapid  


I' 
<> 


ii  ii  rapids    

Marten  lake   — 

Small  lake  (on  lot  C,  con.  v.  Glad  man)  

ii      (on  lot  5,  con.  iv,  (iladman)   

Wicketeed  lake    

Fork*  of  Boices  and  Mackenzie  Lake  outlet* 

Boieee  lake  

Lower  Red  Water  lake  

Upper  Red  Water  lake  

Mackenzie  lake .   

Simpson  lake  

Exjiectation  lake  

Desperation  lake    

Salvation  lake  

Bn-adalbane  lake    

McDiarmid  lake    

Fanny  lake  

Ku*h  lake    


(K  Level*  on  Tomiko  river. 


Moutli  of  the  Tomiko  river. 
Tomiko  lake  


feet. 

882 
872 
871 


858 


!KXI 
903 
919 
930 
936 
951 
957 
958 
S»59 

Tim  a  garni  lake    964 


900 
903 
904 
909 
909 
911 
914 
919 
920 

\m 
m 

936 
990 

.  990 
941 
944 
956 

1003 

1<>04 
!«6 
966 
960 
883 

loos 

986 
992 
994 
981 


Low 
Water. 


feet. 


♦735 


j 

*736  51   1  '723  51 

  795 
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9.    Levthon  Totniko  river.— Cont. 


Lake  Chebogomog  

Cameron  lake  

Tilden  lake  

Lakn  Iota  6  and  7,  con.  iii,  Gladman. 
Lake  lot  7.  con*,  iii  and  iv,  Gladinan. 

Kaoti»ininiigouang  lake  

Poplar  lake  

South  Spruce  lake  

North  Spruce  lake  


High  1  Mean 
Water.  Level. 


feet. 


10.    Level t  on  Ottertail  river. 

Mouth  of  Ottertail  river  on  fake  Tinn>kaniing  •591  H 

White-beaver  lake  (Wabaunk  lake)    

Ruth  lake. 


feet. 
71*8 

»e 

988 
930 
932 
948 
949 
978 
978 


Low 
Water. 


feet. 


Beaver  |iond  (head  of  river). 


841 
991 
991 


♦577  8 


//.    Level*  on  Matabitchouan  river. 


Lake  Timiakaming,  at  mouth  of  river  

Summit  of  Matabitchouan  portage  

Beaver  mountain  (King of  Beaver*)  

Finn  Baa*  lake  

Second  Ba**  lake  

Third  Baas  lake   

Fourth  Ban*  lake  

Rabbit  lake  

White-bear  lake  

Crooked  or  Snake  Inland  lake  

Net  lake    

Thieving-bear  lake  

Small  lake     

Small  pond  .   

Ukm.^T.     

Manthy  stretch  on  river    

Small  pond      -. .  . 

Mountain  lake  (head  of  Matabitchouan  river) 

Ferguson  lake  

Duncan  lake    

Petrout  lake  

Lily  lake    

Pee*habo  lake  

Bogie  lake  

Granite  lake  

Jawea  lake  

Waibikaigirutiaing  or  Rib  lake  

Cliff  lake  

Summit  lake   

Beaver  meadow  .     

Friday  lake  

Wilaun  lake  


Height. 


feet. 


$127 
1247 


High 
Water. 


feet. 
•591  8 


Mean 
Level. 


feet. 


8.58 
i>58' 
859 
864 

*\m 

•942 
•953 
965 
975 
981 
991 

low; 

1022 
1027 
1029 
971 
971 
996 
1001 

llNlj 

1007 

1006 
1023 
1013 
1048 
1160 
1158 
1103 
1173 


Low 
Water. 


feet. 
•577  8 
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12.    Levels  on  Macdonald  creek. 

Mouth  of  Creek  on  4th  Baw  lake,  Matabitchouan  river. 

Cooper  or  Macdonald  lake  

Small  lake  

Glasford  lake    

Small  lake. ...     

Moxam  lake .  

BurwatJi  lake .   

Rcwr  lake  

Rabbit  lake,  Southeast  bay  


IS.    Levels  on  the  Montreal  river. 

Mouth  of  Montreal  river  (Lake  Timiskaming)  

Farm  houae  (Lumber  depot)  on  Long  portage,  800  feet 

Summit  of  Portage,  880  feet    

Montreal  river  at  head  of  Long  portage  (3  miles  fr.  mouth  I 

above  First  rapid.  

ii  "     Second  rapid  

ii  •<     Third  rapid  

ii         foot  of  Fountain  falls     

ii         head  of  Fountain  falls  

•i  it     Ragged  chute    

•  i         above  Fourth  rapid  

H  m     Fifth  rapid   

1 1  Hound  chute  

m         at  portage  to  Mud  lake  

at  foot  of  Sixth  rapid  

ii         at  head  of  Sixth  rapid ......  .   

1 1  ••  Seventh  rapid  , 

H         at  foot  of  Eighth  rapid  

ii         at  head  of  Eighth  rapid  

..         Bay  lake  

at  mouth  of  Timagami  branch  


Indian  lake 
Round  lake  (Mountain  lake) 


High 
Water. 


feet. 


*591  8 


14.    Levels  on  Route,  Timagami  to  Bed  Cedar  lake. 


Lake  Timagami  

Olier  lake  

Denedus  lake  

Waaacsinagama  lake.. 

Beaver  meadow  

Green  lake  

Brophy  lake.  

Ingall  lake  

Jumping  Caribou  lake . 

Upi»er  Twin  lake  

Lower  Twin  lake  

Mann  lake  

Norris  lake.  

Hanging-atone  lake. . . . 
Red  Cedar  lake  


15.    Levels  of  Various  hiktt. 

Pike  lake  (Lac  aux  Brochets)  on  Gordon  cre#-k  . 
Long  lake,  on  Gordon  creek  


Mean  i  Low 
Level.  j  Water. 


feet. 

8*4 
914 

!»24 
927 
927 
933  5 
934 
930 
•938 


730 
748 
700 
770 
77S 
793 
823 
830 
836 
861 
869 
871 
878 
882 
883 
890 
890 
903 
*0l 
911 


964 
984 
1022 
1025 
1035 
1046 
1056 
1050 
1048 


977 
975 
935 
918 
900 


feet. 


•577  8 


•794 
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15.    Ltvelt  of  Various  lakei.—Cont. 


pOUlt ). 


"T"  lake  .*  

Lake  Xipawa    

Summit  of  portage  between  Kipawa  and  Douglas. 

Douglas  lake    

Little  Ohashing  lake    

Forest  lake  

Birch  lake  

Devil  lake   

Bastien  lake  

Thompson  or  McConnell  lake  

David  lake   ... 

Ohashing  lake    

Summit  of  Road  between  Obaehing  lake  and  Ottawa 

river,  942  feet    

Small  lake  at  head  of  Snake  creek  on  old  Winter  road 
Second  lake  on  Snake  creek  on  old  Winter  road .  . 

Long  lake  on  White  creek    

WThite  lake  at  head  of  White  creek  

White  Beaver  lake  (East  of  Mc Martin 
First  lake  on  Indian  portage-route  to  Ki]>aw 

Emerald  lake  

Small  lake  at  head  of  Opimika  creek  

Sharp  lake  

Mud  lake  

Bay  lake  

Lady  Evelyn  lake   

Nonwakaming  lake  

Big  Whitehall  lake  

Lynx  lake  

Cole  lake  

Turner  lake   

Annima-  Nipissing  lake   .  .  . 

Breeches  lake* ...   

Mannaiigaina  lake    

Trout  lake  

Wakmika  lake  

Obabikalake  

Wawiagama  lake  

Small  lake  south  of  Nonwakaming  lake  

»       between  Nonwakaming  and  Wakmika  lake 

Bear  lake  

Angus  lake  

Free  Portage  lake . .  

Rankin  lake  

Kettle  lake...  

Lake  Nasbonning     


High 
Water. 


feet. 

•856 
*880 


•  •  •     •  •  ♦ 


Mean 

Level. 


*78l 


feet, 


957 
862 
832 
862 
862 
834 
877 
874 
869 
822 


847 
827 
862 
872 
883 
883 

loou 

1167 
906 
900 
890 
930 
956 
1010 
Kr25 
1045 
1057 
1070 
1085 
1075 
867 
935 
932 
917 
961 
960 
997 
1051 
966 
976 
977 
1015 
•776 


Low 
Water. 


feet. 

•849  5 
•870  70 
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APPENDIX  IT. 

O.v  some  Cambro-Silurian  and  Silurian  fossils  from  Lake  Timis- 
kaming, Lake  Nipissino  and  Mattawa  outliers. 

By  H.  M.  AMI. 

LAKE  TIMISKAMING. 

Cambro-Silurian  (Ordovician.) 

In  describing  the  Niagara  formation  on  Lake  Timiskaming  Sir 
Wm.  E.  Logan  remarks : — *'  There  are  found  lying  on  the  Niagara 
limestone  loose  angular  fragments  of  dolomite  resembling  that  of 
the  Birds  Eye  and  Black  River  formation  of  Lacloche  and  Lake 
Nipissing.  and  holding  Strophomena  altemata,  species  of  Maclurea 
like  M.  magna,  and  M.  atlantica,  Orthoceratt  anceps,  and  0.  protei- 
forme."  He  adds : — '  The  source  of  these  fragments  has  not  yet  been 
ascertained.' 

From  the  assemblage  of  forms  identified  by  the  late  E.  Billings  and 
recorded  in  Sir  Wm.  Logan's  remarks  above,  there  is  no  doubt  that 
there  must  be  represented  somewhere  in  the  vicinity  of  Lake  Timis- 
kaming one  Cambro-Silurian  horizon  at  least,  i.e.,  the  Birds  Eye  and 
Black  River  formation.  It  remains  still  to  be  ascertained  whether 
any  older  members  of  the  Cambro-Silurian  occur  under  the  somewhat 
extensively  developed  Silurian  rocks.  The  Black  River  formation  of 
the  district  is  known  so  .far  only  by  loose,  but  angular  and  appar- 
ently not  far-travelled  pieces  of  limestone.  It  can  scarcely  be  con- 
jectured that  these  pieces  of  limestone  cume  from  any  other  district 
than  the  Timiskaming  area,  as  there  are  no  outcrops  of  rocks  of 
Black  River  age  known  in  the  region  to  the  north  of  Lake  Timis- 
kaming. 

Silurian. 

Silurian  fossils  abound  on  Lake  Timiskaming  and  are  well  pre- 
served in  the  several  outliers.  From  the  'Head  of  Lake  Timiskam- 
ing' the  first  collections  were  made  by  Sir  Wm.  E.  Logan  in  1845. 
These  are  recorded  by  Mr.  E.  Billings  and  enumerated  on  the  page 
already  referred  to.    The  occurrence  of  Halysites  catenularia,  and  of 

•Oeology  of  Canada.  (1863.)  p.  335. 
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Favosites  gothlandica,  was  sufficient  evidence  to  enable  Mr.  Billings 
to  definitely  state  that  the  rocks  from  which  they  came  were  Silurian. 
Some  thirteen  species  were  determined  at  the  time. 

Notes  on  certain  species. 

The  collections  made  by  Dr.  Bell  and  Mr.  Barlow  are  very  exten- 
sive. One  of  the  most  prominent  and  characteristic  features  in  the 
fauna  represented  is  the  prevalence  of  corals,  not  less  than  seventeen 
species  of  which  have  been  recognized  by  Mr.  Lambe.  Of  these  corals, 
the  '  chain-coral*  (Ualysites  catenularia)  and  the  'honey-comb  coral ' 
(Favosites  gothlandtca)  occur  in  great  profusion.  They  are  pre- 
served for  the  most  part  in  a  silicified  condition-»-not  the  best  by  any 
means  for  study — in  a  manner  much  resembling  that  in  which  the 
fossils  of  the  Black  River  formation  are  found  at  Paquette  rapids 
on  the  Ottawa  river  below  Pembroke,  Ontario. 

Few  of  the  higher  forms  of  organisms  characteristic  of  the  Silurian 
period  are  found  directly  associated  with  the  corals,  but  ClathrodicU 
yon  vcsiculosum,  Nicholson  and  Murie,  one  of  the  Hydromedusa\ 
does  occur  very  abundantly  and  is  associated  intimately  with  the 
corals. 

The  Crinoidea  are  very  rare ;  only  three  species  having  been  record- 
ed as  yet  from  this  basin. 

The  Annelids  are  represented  by  a  single  specimen  of  a  Conodont, 
whilst  the  Bryozoa,  so  abundant  in  certain  rocks  of  the  Niagara  and 
Clinton  formations  in  the  province  of  Ontario  and  in  New  York 
state,  are  rather  sparsely  distributed  in  the  Lake  Timiskaming  rockB. 

Brachiopoda  occur  in  certain  bands  by  themselves  and  at  times 
are  very  abundant.  Such  is  the  case  with  Atrypa  reticularis,  Lin- 
na?us.  Pentamerus  oblongus,  Sowerby,  a  form  characteristic  of  the 
Wenlock  in  England  and  of  the  Niagara  of  the  Interior  Continental 
plateau  of  PaUeozoic  rocks  in  North  America,  occurs  in  vast  num- 
bers in  a  certain  band  of  yellowish-grey  limestone  on  Mann  island. 

The  Lamellibranchiata  or  Pelecypoda  are  very  rare,  only  two  genera 
having  been  noticed  from  all  the  collections. 

The  Cephalopoda  are  well  represented,  and  of  these  Discosorus 
conoideus,  Hall,  is  the  most  conspicuous  and  interesting — although 
the  Orthoceratites  include  amongst  others: — Actinoceras  vertebratum, 
Hall,  (said  to  be  identical  with  Actinoceras  backi,  Stokes,  described 
from  the  Artie  regions  of  North  America)  and  several  other  forms 
peculiar  to  the  Niagara  formation  of  New  York  and  Ontario. 

The  Trilobites  are  few.    Two  forms  recorded  may  be  the  North 
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American  representatives  of  the  two  European  species  Calpmene 
blumenbachii,  Brongniart;  and  Encrinurus  punctatus,  Wahlenberg. 
The  Ostracoda  are  likewise  very  rare.  A  few  fragments  of  Algte 
occur  in  Mr.  Barlow's  collections  and  appear  to  represent  two  species 
previously  recorded  from  rocks  of  similar  age  in  New  York  state. 

The  whole  fauna  comprises  eighty-eight  species,  representing  fifty- 
nine  genera.  These  species  are  for  the  most  part  forms  referable  to 
the  Niagara  formation,  although  a  number  of  forms,  such  as  the 
corals  and  brachiopods,  are  also  well  known  to  occur  in  rocks  assigned 
to  the  horizon  of  the  Clinton  formation. 

There  are  specimens  of  Favosites  gothlandica  from  Mr.  Barlow's 
collection  of  1894  which  measure  a  little  more  than  fifteen  inches  in 
diameter  or  over  four  feet  in  circumference.  The  mode  of  growth  of 
these  Favositos  is  similar  to  that  described  by  Prof.  G.  II.  Girty  in 
the  case  of  Favosites  forbesi  var.  occidental  is,  and  very  perfect  ex- 
amples of  such  large  dimensions  are  not  rare  on  Mann  island.  They 
exceed  in  size  and  perfection  of  structure  the  large  masses  of  Favo- 
sites from  the  Hamilton  formation  of  Thedford,  Ont.  Largo  and 
small  specimens  of  this  species  occur  together,  and  such  is  the  case 
also  with  specimens  of  the  Clathrodictyon  vesiculosum,  Nicholson 
and  Murie.  This  is  the  species  which  was  described  by  Billings  as 
Stromatopora  concentrica  of  Goldfuss.  The  largest  specimen  met 
with  measures  fourteen,  by  ten,  by  eight  inches. 

Syringopora  verticillala,  Goldfuss,  was  described  from  specimens 
which  came  from  Lake  Huron.  It  is  found  in  tolerable  abundance  in 
the  Silurian  of  Lake  Timiskaminp.  This  fact,  together  with  the 
occurrence  of  several  other  species  which  are  common  to  the  Silurian 
of  Lake  Huron  in  the  Manitoulin  island,  in  Michigan  and  Ontario, 
assist  in  confirming  the  view  that  the  sea  in  which  the  Silurian  de- 
posits of  the  Lake  Timiskaming  basin  were  deposited  was  connected 
with  the  Silurian  sea  of  the  Lake  Huron  region. 

Notes  on  Mr.  Barlow's  collections. 

Chief  island,  Lake  Timiskaming.— The  fossils  from  this  locality 
are  poorly  preserved,  and  occur  in  a  rather  coarse  sandstone  showing 
clear  grains  of  quartz  embedded  in  a  light  yellowish-grey  dolomite. 
The  beds  from  which  they  were  obtained  appear  to  form  the  base- 
ment or  lowermost  strata  of  the  Silurian  as  developed  at  this  point. 
The  presence  of  Haly sites  catenularia,  Linnaeus,  and  of  Discosorus 
conoideus,  Hall,  with  other  forms  from  this  island,  serve  to  indicate 
the  presence  of  Silurian  rocks  on  the  southern  side.  These  strata, 
which  rest  unconformably  upon  the  denuded  Arcnwan  rocks  whose 
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surface  is  very  irregular  and  uneven,  must  necessarily  have  contacts 
at  various  horizons  or  levels.  It  would  not  be  at  all  surprising,  in- 
deed, to  find  arenaceous  beds  not  only  belonging  to  the  Niagara 
formation  and  holding  fossils  representing  different  life-zones  in  this 
formation,  but  also  similar  beds  holding  older  types  of  organisms, 
belonging  to  older  formations  in  the  lower  levels  of  this  old  Palieo- 
zoic  outlier  or  basin. 

Mann  island. — The  bulk  of  the  large  collection  obtained  dur- 
ing the  years  1893  and  1894  came  from  this  locality.  Forty-three 
species  are  represented.  The  rock  in  which  they  are  preserved  is  a 
light-yellowish  and  fine-grained  dolomite  teeming  with  the  remains  of 
corals  and  hydroids.  Certain  bands,  none  calcareous,  hold  brachio- 
poda  belonging  to  the  species  Atrypa  reticularis,  Linnaeus.  Several 
interesting  and  thin  slabs  of  crinoidal  limestone  contain  crinoid 
heads  as  well  as  stems.  These  are  of  special  interest  and  deserve  to 
be  further  studied.  It  is  the  only  locality  on  the  lake  where  tolerably 
perfect  crinoid  heads  have  been  obtained,  only  imperfect  fragments 
of  columns  or  stems  had  been  noticed  previously. 

Percy  island. — From  this  place  Mr.  Barlow  obtained  only  a  few 
specimens  from  which  nino  species  were  recognized.  Additional 
collections  from  this  locality  would  probably  reveal  other  forms  of 
special  interest.  As  already  stated  the  occurrence  of  Halysiles  cate- 
nularia  and  Discosorus  conoideus  on  this  island  is  sufficient  evidence 
upon  which  to  refer  the  strata  from  which  they  came  to  the  Silurian 
System. 

The  Fossil  Corah. 

In  1896  Mr.  L.  M.  Lambc,  of  this  Department,  made  a  special 
study  of  the  corals  obtained,  and  he  has  prepared  the  following  lists 

of  species. — 

Mann  island,  Lake  Timiskaming,  collected  by  A.  E.  Barlow. 

1893-im 

Heliolitcs  (Plasmopora)  affinis,  Billings. 

Lyellia  americana,  Milne-Edwards  and  Haime. 

Zaphrentis  stoleesi,  Milne-Edwards  and  Haime. 

C  yathophyllum  articulatum,  Wahlenberg. 

Favosites  gothlandica,  Lamarck. 

Alveolites  niagarensis,  Kominger  (not  Nicholson). 

Limaria  (Cwnites)  crassa,  Rominger. 

Halysites  catenularia,  Linnseus. 

Holy  sites  compacta,  Rominger. 

Syringopora  bifurcata,  Lonsdale. 

Syringapora  verticillata,  Goldfuss. 
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North  End  of  Lake  Timiskaming,  collected  by  B.  Bell,  1887. 

Heliolites  subtubulata,  McCoy. 

Zaphrentis  sloleesi,  Milne-Edwards  and  Haime. 

Strombodes  pygmarus,  Rominger. 

Favorite*  gothlandica,  Lamarck. 

Cladopora  cervicomis,  Hall. 

Alveolites  niagarensis,  Rominger  (not  Nicholson). 

Alveolites  seriatoporoides,  Milne-Edwards  and  Haime. 

Camites  lunatat  Nicholson. 

Limaria  (Ccrnites)  crassa,  Rominger. 

Holy  sites  catenularia.  Linnseug. 

Halysites  compacta,  Rominger. 

Syringapora  Dalmanii,  Billings. 

Syringopora  verticillataJ  Goldfuss. 

The  subjoined  table  enumerates  the  Silurian  fossils  found  at  the 
several  localities  in  the  northern  part  of  Lake  Timiskaming,  the 
localities  and  collectors  being  as  follows: — 

1.  Collection  from  '  Head  of  Lake  Timiskaming '  (sic)  by  Sir  W. 
E:  Logan,  1845. 

2.  From  '  North  End  of  Lake  Timiskaming,'  Dr.  R.  Bell,  (sic)  1887. 

3.  Various  collections  by  Mr.  A.  E.  Barlow  from  Mann  island 
in  1893  and  1894,  also  part  of  the  '  Stewart  Collection '  from  Mann 
island,  obtained  in  1892. 

4.  Percy  island,  Lake  Timiskaming,  A.  E.  Barlow,  1894. 

5.  Chief  island,  Lake  Timiskaming,  A.  E.  Barlow,  1894. 
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Table  showing  the  genera  and  species  of  Silurian  fossils  from  Lake 

.  Timiskaming. 


n 

it 

X  7. 


PLANTAE. 


Bythotrephit  grar.il it  (?),  Hall. 
..         pn'mnta.  Hall . . . 


HYDROMEDUS.'E. 
Oath  rod ict yon  vt$iculn*\im,  Nicholson  and  Murie. 

CXKLENTERATA. 


Heliolitt$  mUubulata,  McCoy  

..       (  Platmopora  )  afflni$.  Billing's.. 

••  »p.,  ef.  H.  niagarensis,  Hall.  . . 
Lydlui  anuricaiM,  EJwanU  and  Haime. 
Zaphrentis  stoketi,  Edward*  and  Haime 


sp 


Caninia  or  Strepttlatnui,  ftp  

Cyuthophyllum  articufatutn,  Wahlenberg. 
»!>.  indt. 


3 


-6 


23 


IP 


= 

.1 


t 

5- 


TJ 
§ 


i . . 


Stromttodca  pyoMatu*,  Rominger 

Favotitft  tjothlandicn,  Lamarck  

Cladopora  crrricornis.  Hall   

Alvtofitet  nini/arentit,  Romingur   

teruttofiornirfet,  Edwards  and  Haime. 

Cctnitrt  luiuttd  (?),  Nicholson  

Limaria  (Vimitct/  trattn,  Rominger  

Balytitet  eatrnutaria,  Linmeus  

ii        cotiifMictn,  Rominger  

Spriwjopora  bifurcata,  Lonsdale  

rtrticdfata,  Goldfuss  

i<        datmanii.  Billings.    


 *  •  • 


ECHIXODERMATA. 


Crinoidal  fragment*  

Tnxocrinu*,  n.  *p  

Dendrocrinu*  sp.,  cf.  D.  longidactylua.  Hall 
Thytanocrinus  sp.,  cf.  T.  liliifonnt*,  Hall  . . 


ANNELIDA. 


Arafjfllites,  n.  »p. 


HRYOZOA. 


Lichtnaiia  conrentrica,  Hall  

Vhtznnpora  rxpanta.  Hall  

7  rematopora,  sp  

CaU  ipora  sp.,  cf.  C.  nummi/ormis,  Hall 
Stietopora,  sp    


Digitized  by  Google 


APPENDIX  II 


Table  showing  the  genera  and  species  of  Silurian  fossils  from  Lake 

Timiskami  ng—Cont  in  ued. 


BRACHIOPODA. 

Orthit  ( DalmaixeUa  )  elegantula,  Dalman  

,■     davidtoni,  de  Verneuil  

Leptema  trantrertaht,  Dalmnn  

LepUrna  rhornboidaiit,  WUckenu  . . . . . 

St  r  >phonellfi,  sp     ...  , 

Strvphrmena,  (?)  sp.,  cf.  Leptrrna  corrugata,  Conrad  

Ckonetet  (?),  or  Strophomena  (t)    

PUitpttropkia  lynx,  Eichwald  . .  .         .   . . . 

Leptoealia  kemttpheriot,  Sowerby  

Atrypa  reticularis,  Linmeus  

ncdoUriata,  Hall.  .  .    

intermedia.  Hall  

Rhtmehotrtma  cuneata,  Dalman  

RhynehoneUa  negleeta,  Hall  

••  interplicata.  Hall     

n  acutipticnta,  Hall  


1. 

2. 

*-§ 

— 


■ 

U 
1. 

P- 


| 


Trematoepira,  »p.,  indt  

Spiriftr,  sp.,  cf.  S.  nta^amim.  Hall. 

sp.,  indt  

'  :  didftma,  Dalman  

nariformn  Hall   

»P  

rut  oblongus,  Sowerby  


GASTEROPODA. 

Bueania  ttigmota,  Hall    

ilurrhuonia  ttdmlata.  Hall    

m         sp.  ^io.  1  .  

sp.  No.  2     

Loxonena,  n.  sp  

•.        »p. .   

Euomphalus,  n.  tp  

Euomphalu*  aiatut,  Hi*ingtr  

Cyclonenux  can-ellatuia,  Hall  

Platyottoma,  sp  


LAMELLIBRANCHIATA. 


Modialopris,  sp,  cf.  JV.  ertelu*,  Hall. 
PUrinea,  sp  


CEPHALOPODA. 


Z>i«coaonw  eonoidett$,  Hall .  . . . 

graeilit  (?),  Koord. 

sp.  No.  I  

sp.  No.  2  


* 
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Table  showing  the  genera  and  species  of  Silurian  fossils  from  Lake 

Timiskaming— Concluded. 


CKPHALOPODA-CWinurrf. 


Orthoeerat,  sp   .... 

Bp.,  cf.  O.  claratutn.  Hall, 
n        *p.,  cf.  O.  virtjuiatutu,  Hall . 


"  *!>.,_  cf.,  O.  cadmu$,  Billings  (?=0. 
latum.  Ha" 


(all) 


Orthoeerat  rotulatum.  Billings  

Actinocera$  vertcbratum,  Hall  (!  =  -<4.  Baeki,  Stokes) 

TRILOBITA. 


Catt/me m  niagarem i »,  Hall  (  =  C.  blumtnbaehii,  Bruagninrt).. 

Jlhmttt,  sp    

Encrinurus,  sp.,  cf.  E.  punctatut,  Wahlenberg  

Proetut,  sp  

OSTKACODA. 


Beyrichia,  sp.,  cf.  R.  lata,  Vanuxtm . 

Isochilina,  sp    

Lvperdilia,  bp  
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1857.  Billings,  E.—' Report  of  Progress,  Geol.  Surv.  Canada,  for 
the  years  1853-6.'  "Toronto,  1857.  On  p.  334  Orthoeerat 
rotulahtm  is  described  from  the  head  of  Lake  Timiskaming. 
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1863.  Billings,  E. — '  The  Geology  of  Canada,  from  the  commence- 
ment until  1863/  pp.  334-336  contains  a  chapter  entitled: 
'  The  Niagara  Formation  on  Lake  Timiskaming,'  in  which 
two  lists  of  fossils  prepared  by  Billings  are  given,  p.  335. 

1888.  Foord,  Arthur  H— '  Catalogue  of  the  Fossil  Cephalopoda  of 
the  British  Museum,'  Part  I.,  Nautiloidea,  London,  England, 
December,  1888:— in  which  Actinoceras  vertebrate  is  recorded 
from  Lake  Timiskaming. 

1896.  Whiteaves,  J.  F. — '  Canadian  Stromatoporoids,'  Can.  Kec. 
Science,  vol.  V.,  No.  2,  pp.  129-146,  December,  1897,  in  which 
Clathrodictyon  vesiculosum,  Nicholson  and  Murie,  is  recorded 
from  Lake  Timiskaming. 

1897.  Ami,  H.  M. — 'Notes  on  some  of  the  Fossil  Organic  Remains 
from  the  Geological  Formations  and  Outliers  of  the  Ottawa 
Pakeozoic  basin.'  Trans.  Boy.  Soc.  Can.,  Sec.  Series,  vol. 
n.,  Sect.  IV.,  1896-1897,  (Ottawa,  1897). 

1899.  Lam  be,  L.  M  — *  Canadian  Palaeozoic  Corals,'  Ottawa  Naturalist, 
vol.  XII.,  No.  11,  pp.  219-220,  February,  1899,  where  specimens 
identified  with  Cyathophyllum  articulatum,  "Wahlenberg,  are 
described  from  Mr.  Barlow's  collections  on  Lake  Timiskam- 
ing. 


THE  MATT  AW  A  OUTLIER. 

In  the  autumn  of  1894  Mr.  A.  E.  Barlow  submitted  for  examina- 
tion a  small  but  important  collection  of  fossils  from  a  locality  on  the 
north  shore  of  the  Ottawa  river,  six  miles  below  Mattawa.  The 
fauna  represented  in  the  pinkish-grey  weathering  and  arenaceous 
limestones  of  this  outcrop  is  that  of  the  Black  River  and  Trenton. 
The  presence  of  Receptaculites  occidentalis,  Salter,  Orthis  tricenaria, 
Conrad,  indicate  an  horizon  at  the  close  or  summit  of  the  Black 
River  formation,  whilst  the  occurrence  of  Prasopora  sclwyni,  Nichol- 
son, Solenopora  compacta,  Billings,  Rafinesquina  altemata,  Emmons, 
and  Zygospira  re curt nostra,  Hall,  are  eminently  characteristic  of 
the  Trenton. 

The  occurence  of  this  fauna  at  such  a  westerly  point  along  the 
Ottawa  valley  and  in  such  proximity  to  the  Lake  Nipissing  outliers 
on  the  Manitou  islands,  together  with  the  well-known  occurrence  of 
strata  of  the  same  age  in  the  islands  north  of  the  Grand  Manitoulin, 
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serve  to  show  that  in  Ordovician  times  the  marine  waters  of  the  Lake 
Huron  Palaeozoic  basin  were  directly  connected  with  those  of  the 
Ni  pissing  and  Mattawa  or  Upper  Ottawa  regions.  Every  species 
recorded  from  this  Mattawa  outlier  has  been  found  in  other  deposits 
in  the  Ottawa  valley,  whilst  most  of  them,  if  not  all,  arc  also  record ed 
from  the  islands  north  of  Lake  Huron. 

The  following  is  a  list  of  the  species  recognized  in  the  collection 
from  this  outlier: — 

Photozoa. 
Receptaculites  occidentals,  Salter. 

EcHINODERMATA. 

Crinoidal  fragments,  too  imperfectly  preserved  for  identi- 
fication. 

They  resemble  portions  of  stems  of  a  species  which  may  be 
referable  to  the  genus  Glyptocrinus. 

Bhvozoa. 

Prasopora  selwyni,  Nicholson.  The  microscopic  sections  pre- 
pared of  this  form  exhibit  no  variation  from  typical  speci- 
mens recorded  from  Peterborough,  Ottawa,  Montreal  and 
other  localities  in  Canada.  This  is  no  doubt  the  form  which 
received  the  designations  of  Favorites  lycopodites,  Chcetetes 
lycoperdon,  and  Stenopora  petropolitana  in  the  early  reports 
of  the  New  York  and  Canadian  Surveys. 

Frondosc,  and  branching  Monticuliporidse. 

Solenopora  compacta,  Billings.  A  form  which  may  probably  be 
referred  to  this  species, 

C(ELENTERATA. 

Streptelasma  corniculum,  Hall. 

Brachiopoda. 

Strophomena  incurvata,  Shepard. 
Rafinesquina  alternata,  Emmons. 
Orthis,  sp.,  cf.  0.  tricenaria,  Conrad. 
(Dinor(his)  proavita,  Winchell  and  Schubert. 
Zygospira  recurvirosla,  Hall. 

Gasteropoda. 

Lophospira  bicincta,  nail.  A  young  individual  referable  to  this 
species. 

Trilobita. 

A  fragment  of  a  trilobitc  too  imperfectly  preserved  for  identi- 
fication. 
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LAKE  NIPISSING-THE  MANITOU  ISLANDS. 

In  1854  Alexander  Murray  was  the  first  to  note  the  occurrence  of 
flat-lying  limestones  on  the  Manitou  islands  of  Lake  Nipissing.  In 
his  Keport  for  that  year  (p.  124)  he  refers  the  occurrence  to  the 
Black  River  formation.  '  Ormoceras  tenuifilum,'  or  as  this  species  is 
now  called,  Actinoceras  bigsbyi,  Stokes,  is  the  characteristic  form 
upon  which  the  determination  of  the  horizon  was  based. 

In  1884  a  further  collection  was  made  on  these  islands  by  Dr.  A. 
R.  C.  Selwyn.  This  was  subjected  to  a  preliminary  examination  by 
the  writer. 

In  1896  a  brief  note  wa9  prepared  for  the  Canadian  Record  of 
Science  where  seventeen  species  are  enumerated. 

In  1889  Mr.  T.  D.  Ledyard,  of  Toronto,  visited  these  islands 
and  obtained  an  interesting  collection,  which  was  submitted  to  Mr. 
E.  O.  Ulrich  for  examination.  The  list  of  species  prepared  by  the 
latter  and  embodied  in  a  paper  on  the  Black  River  limestone  at  Lake 
Nipissing  by  Prof.  N.  H.  Winchell,  in  the  American  Geologist  for 
September,  1896,  contains  besides  other  forms  a  number  of  Bryozoa 
not  previously  recognized  from  this  locality. 

In  1892  Rev.  ,T.  M.  Goodwillie,  M.A.,  of  North  Bay,  made  an 
excellent  collection  of  the  fossils,  and  communicated  them  to  the 
Geological  Survey  Department  at  Ottawa.  This  collection  was  found 
to  contain  a  number  of  forms  hitherto  unrecorded  in  other  collections, 
and  a  preliminary  study  of  its  contents  revealed  many  interesting 
species,  all  eminently  characteristic  of  the  Black  River  formation. 

In  1894  Mr,  A.  E.  Barlow  collected  along  the  west  shore  of  the 
Great  Manitou  or  Newman  island,  on  the  most  southerly  of  the 
Manitou  islands  and  on  the  west  shore  of  McDonald  island.  From 
the  first-meni'oucd  of  these  collections  by  Mr.  barlow  a  Black  River 
fauna  was  detected  and  Columnaria  halli,  Nicholson,  Stromatocerium 
rugosum,  Hall,  Lopkospira  helicteres,  Salter,  and  Actinoceras  bigsgyi, 
Stokes,  recorded,  all  of  which  are  eminently  characteristic.  The 
presence  of  Zygospira  recurvirostra,  Hall,  and  of  a  form  which  is 
doubtfully  referred  to  Pleclamboniles  sericea,  Sowerby,  from  the  west 
shore  of  McDonald  island,  give  a  slight  Trenton  facies  to  the  assem- 
blage from  this  locality.  It  may  be  that  further  collecting  will  reveal 
a  somewhat  higher  horizon  than  the  zone  of  Columnaria  halli  usually 
indicates. 

The  following  collections  of  fossils  have  been  examined  by  the 
writer : — 

Manitou  islands,  L  Nipissing,  A*  R<  C  Selwyn,  1884. 

Manitou  islands,  L.  Nipissing,  Rev.  J.  M.  Goodwillie,  M.A.,  1892. 
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West  Shore,  Great  Manitou  islands,  L.  Nipissing,  A.  E.  Barlow, 
1894. 

West  Shore,  McDonald  island,  L.  Nipissing,  A.  E.  Barlow,  1894. 
Most  southerly  of  Manitou  islands,  L.  Nipissing,  A.  E.  Barlow, 
1894. 

The  subjoined  list  of  genera  and  species  includes  all  the  forms  re- 
cognized in  these  as  well  as  in  the  other  collections  above  mentioned. 

PROTOZOA. 

Stromatocerium  rugosum,  Hall. 
Pasceolus  globosus,  Billings. 

C.ELENTERATA. 

Columnaria  halli,  Nicholson. 
Tetradium  fibralum,  Safford. 
Palceophyllumf  sp. 
Strepfelasma  corniculum,  Hall. 

EciHNODERMATA. 

Crino'dal  fragments,  too  imperfectly  preserved  for  identificatic  n. 
Sculpturod  plate  of  what  appears  to  be  a  cystidean  referable 
to  the  genus  Paloeocysites. 
Bryozoa. 
Escharopora  subrecta,  Ulrich. 
Escharopora  limitaris,  Ulrich. 
Helopora  mucronata,  Ulrich. 
Rhinidictya  mutabilis,  var.  major,  Ulrich. 
Phyllodictya  varia,  Ulrich. 
Batostoma  winchelli,  Ulrich. 
Callopora  muUitabulata,  Ulrich. 

Several  other  Montieuliporoids  referable  to  genera  and  species 
not  yet  examined  microscopically,  but  which  appear  to  belong 
to  such  genera  as  Pachydictya,  A  mplexopora,  Dekayia,  Cosci- 
itium,  and  Monotrypella. 
Brachiopoda. 

Strophomena  incurvala,  Shepard. 

"  trentonensis,  Winchell  and  Schuchert. 

Rafinesquina  alternata,  (Emmons). 

Plcctambonites  sericea,  Sowerby. 

Orthis  tricenaria,  Conrad. 

Rhynchotrema  innquivalvU,  Castelneau. 

Zygospira  rrcurvirostra,  Hall. 

Gasteropoda. 

Eccyliomphalus  trentonensist  Conrad. 
Pleurotomaria  (Clathrospira)  subconica,  Hall. 
Murchisonia  (Lophospira)  helicteres,  Salter. 
"  11         bicincta,  Hall. 
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Gasteropoda — Concluded. 

Maclureaf  sp.  indt. 
Fusi&pira  elongata,  Emmons. 
Trochonema  vmbilicatum,  Hall. 

Lamelubranchiata. 

Ct/rodonta  huronensis,  Billings. 

"        canadensis,  Billings. 

"        subcarinala,  Billings. 
Cyrtodonfa  sp.  indt. 
Ctenodonia  levata.  Hall. 
Vanuxemia?   sp.  Hall. 

Cephalopoda. 
Vaginoceras  multitubulalum,  Hall. 
Gonioceras  anceps.  Hall. 
Aclinoceras  bigsbyi,  Stokes. 
Cameroceras  proteiforme,  Hall. 
Nanno  aulema,  Clarke. 

Orikoceras  rapax,  Billings  or  a  very  closely  related  species. 
"         mxdticameralum,  Hall. 
"  annellum,  Hall. 

"         amplicameratum,  Hall. 
Trilobita. 

Asaphus,  up.    Portion  of  the  hypostome  of  a  large  individual 
of  this  genus  possibly  of  A.  platycephahis  or  A.  susae. 

OsTRACODA. 

Leperditia  fabulites,  Conrad. 
Aparchxtes  neglectus,  Ulrich. 
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Lac  des  Quinze,  Ottawa  river  .  22f$ 
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Lac   Pi.ein   Chant,  Mattawa 

RIVER   277 

Lady  Evelyn  lake. 

Area,  height  and  level  of.  .  ..23,  281 

Assay  of  quartz  from   140 

Description  and  rocks  of  

222,  261,  262 

Glacial  striae   135 

Laurentia.v  46-88 

Lawson,  Dh.  A.  C   49 

Lehmann,  Pkof.  J   48 

Lem  Ehables    rapid,  Ottawa 

river  110,  167,  276 

Leucoxene  IN  ONE13SIC  rock*.  84 

Levels   277 

Lily     lake,  Matabitchouan 

river  240,  279 

Limestone  87,  88,  215 

Lithographic  stone   152 

Little  Obashino  lake   281 

Little  Paresseux  rapids,  Mat- 
tawa river   277 

Logan,  Sir  W  15,  50 

Log-jam  rapid,  Timaoami  river.  278 
Long  lake,  Gordon  creek.  .276,  280 

Long  lake,  White  creek   281 

Long  portaoe,  Montreal  river  280 
Lono   Sault  rapids,  Ottawa 

river  168,  276 

Loon  lake,  Lake  Timaoami   265 

Lossen,  Prof   48 

Lower    Red    Water  lake, 

Marten  creek   278 

Lower  Twin  lake,  Timaoami 

lake   280 

LrMSDEN  Mills  siding,  Gen- 

DREAU  TP   276 

LlTMSDEN  SIDING   276 

lumsden  station   276 

Lynx  lake   281 

Macdonald   creek,  Matarit- 

chouax  river  243  249,  280 

Mackenzie      lake,  Marten 

creek   278 

McConnell  lake,  Pontiac  co..  281 
McDiarmid      lake,  Marten 

creek  107,  278 

McDonald  creek,  Fourth  Bass 

lake   280 

McDonald  island,  Lake  Nipib- 

sino   118 

McDonald  lake,  see  Cooper 

LAKE. 

McKenzie  island,  Lake  Kip- 
awa   208 

McLaren  day,  Lake  Kipawa.  .  208 

McLaren  river,  Sturgeon 
river   278 

McMartin  point,  Lake  Timis- 

K  AMINO   182 

McOuat,  W   18 

Maonetite   83 

Mammals   36 

Manitoc  islands. 

Description  of   215 


page. 

Manitou  islands — Con. 

Dikes  on   112 

Fossils  from  119,  293 

Limestone  on   88 

Outliers  of   118 

Mann  island  125,  286 

Mann  lake,  Timagami  lake.  .  .  280 

Mannajiqaina  lake  256,  281 

Maps  (in  portfolio.) 

L.  Ni pissing  sheet   5,  6 

L.  Timiskaming  sheet,  Refs.  to    5,  6 

Maple   35 

Maple  mt  21,  263 

Marl  153,  154 

Marten    creek,    Red  Cedar 

lake   278 

Marten  lake   278 

Martineau  hay   196 

Maskinonue  island   108 

Maskinonue-wagamino  lake.  .  277 
Maskinonge  river,  Stcroeon 

river   277 

Matabitchocan  portage   279 

Matabitchouan  river, 

23,  224-243,  279 

Mattagomashing  lake   278 

Mattawa,  Ont  275, 291 

Mattawa  river. 

Character  of   210 

Levels  on   277 

Names  of   14,210 

Rapids  and  lakes  210-212 

Rocks  of   212 

Soil  of   29 

Survey  of   15 

Valley  of   29 

Mattawapika,  Montreal  river  264 
Matthias  island,  Lake  Tima- 
oami   1 43 

Meadowside   275 

Mica   155 

Microline   78 

Miller  lake,  Lake  Timaoami 

dist   281 

Molybdenite   157 

Montreal  river  

Character  of  rocks  220-224 

Description  of  25,  219 

Levels  on   280 

Survey  of   17 

Moose   36 

Moraines   130 

Mountain  lake  238,279 

Mountain     rapids,  Ottawa 

river  179. 276 

Moxam  lake,  McDonald  creek. 

244,280 

Mud  lake,  Montreal  river. 

266, 280,  281 

Murray,  A   16 

Murray  lake,  see  Third  lake. 
Muscovite   82 

NAsnONniNo,  ont   275 

Nashonsino  lake,  Lake  Nipis- 
sino     281 
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Net  lake,  Matabitchouan 

river  237,279 

Niagara  formation  .45,  121 

Nickel   147 

Night  Owl  lake   273 

Nipissing  junction  275, 27G 

NiPISSINO  LAKE. 

Aasay  of  quartz,  from   128 

Glacial  striae   135 

Limestone   151 

Size,  height  and  level  of. .  23^  213, 272 
Streams  7T-212 

NlPl&SlNU  MAP-SHEET,  KEF.  TO.  .  5. 

TOWN8HIP8   6,  7 

Nona*' ak amino  lake  258,  581 

Norris  lake,  Timagami  lake.  25D 

North  Bay,  Ont   275 

North  Spruce  lake,  Tomiko 
river   2711 

Oak   35 

Obabika  lake  23,  271,  2  s  1 

Obashino  lake,  que  23^  isu,  281 

Obisaga  narrows   232 

Old  Fort  narrows   .  27ti 

Olier  lake,  Timagami  lake...  28L1 
Opimika  creek,  Lake  Timis- 

k  amino   281 

Opimika  narrows  181,  276, 282 

Orthoclase   77 

Ottawa  and  G  ren ville  h  e  r  i  es.  .  51 
Ottawa    river    and  Lake 

TlMISKAMING. 

Altitudes  of   226 

Bouldery  terrace  174,  175 

Character  of   HiO 

General  features  of   100-175 

Geological  description  1 75- 1  w< 

Gneisses  of   176 

High  and  low  water   1 05 

Lakes  on   1M 

Length  of  river  explored   lfiO 

Rapids  of  165-  100 

Hate  of  discharge   1  00 

Rocks  of  176-100 

Soundings  of   Ui2 

Tributaries  1 07-175 

Ottertail  creek,  Lake  Timis- 

K  AMINO. 

Description  and  rocks. .  171, 240  252 

Gneiss   55 

Levels  on   270 

Pal.*:ozok:  fossils  45,  1_LQ 

Pakat>ihe  day   100 

Plbhi.es  IN  SKltlCITE  SCHIST.  . .  .  270 

Pkkshauo  LAKE  240,  2211 

Pf.guatite  oO-n-'i 

Percy  island   123,  2Mi 

Pehtiute  150,  1 57 

Petrography  67-85 

Petrout  lake  230,  27!) 

Pickerel   32 

Pi  k  e   311 

Pikf.  i  akf,  m-  Lac  aux  Bho- 
chets. 
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Pike  river,  Sturgeon  river..  .  277 

PlMlSl  LAKE   277 

1  Pine  32,  33 

Plagioclase  70, 10_3 

Plein  Chant  chute   277 

Plein  Chant  lake   210 

Pleistocene..  .45. 127-132 

Poplar   23 

Poplar  lake,  Tomiko  river   279 

Presquile,  Pontiac  co   27fi 

Priest  bay   172 

prudiiomme  lake   242 

PYRITE8   82 

Quartz  77, 95 

QuARTZITE.. 

Greenish   lflfi 

In  Huronian  rocks  80, 118 

Maple  mountain   .  263 

Montreal  river   222. 

White   101 

Quinn  point  103.  189 

Quinze,  Lac  des. 

Assay  of  quartz   137 

Description   204 

Size  and  height   23 

Survey   17 

Quinze  river. 

Description  of  109-204 

Diabase   LU3 

Glacial  striae   133 

Iron  ore  of   141] 


Rabbit  lake,  Ont. 

Area  and  height   23 

Description  and  rocks  M7-235 

Glacial  striae   L3ii 

Mean  level  of  *  270-280 

Ragged      chute,  Montreal 

river  220.  280 

Rankin  lake   281 

Rapide  de  la  Rose   277 

Rapide  des  Aiguilles   277 

Rapide  des  Rochf.rs   277 

Red   Cedar   lake,  Timagami 

river  278.2SQ 

Red  Sqimrrel  lake   2">s 

Rin  lake,  see  Waibikaiginais- 

INO  LAKE  

Rivers  of  Timiskaming  dist.  . .  22 
Ross  lake,  McDonald  creek. 243,  280 
Round  lake,  Montreal  river 

272, 28Q 

Rowan,  1H   12 

Russell,  Lindsay   12 

Ruth  lake,  Ottertail  river. 251 ,  270 
rutherglen,  bonfleld  tp.  .  .  .  275 

r utile  in  gneissic  rocks   84 

Salvation  lake,  Marten  cheek  278 
Sand-bar    rapid,  Timagami 

RIVER   22* 

Sandy  falls,  Sturgeon  river.  277 
Sandy    Portage    bay,  Lake 
Kipawa   209. 
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Sassaganaga  lake,  Lake  Tima- 

oami   206 

Schists  248,  269 

Second  Bass  lake,  Matabit- 

chouan  river   279 

Second  lake,  Siuhgp.on  river.  277 
Second  rapid,  Montreal  river  280 
Sections. 

Breccia-conglomerate,  Mac- 

donald  creek,  Ont   244 

Crystalline   limestone,  Talon 

lake   87 

Dikes  of  diabase,  Bonfield   113 

Mica-phonolite  cutting  granite 

gneiss,  Callander   115 

Pebbles     in  sericite-schists, 

Kokoko  bay   270 

Slate  and  gneiss,  Cooper  lake.  247 

Selwtn,  Dr.  A.  R.  C   19 

Sericite  82,94 

Sf.ricite-scmist  267,  268 

Seven  League  lake,  Ottawa 
river. 

Altitude  of   276 

Description  of  160, 168 

Rapids  of   165 

Soundings  in   162 

Tributaries  of   168 

Seventh     rapid,  Montreal 

river   280 

Sharp  lake,  Lake  Timagami.265,  281 
Sharp  Rock  inlet,  Lake  Tima- 

gami  258-266 

Silurian  fossils  123-127, 283-290 

Silurian  rocks  121-127 

Simpson  lake,  Marten  creek.  278 
Sixth  rapid,  Montreal  river.  280 

Slate  152,220,  233,247 

Smoky  falls,  Sturgeon  river.  277 
Snake  creek,  Ottawa  river.  281 
Snake  creek,  Sturgeon  river.  277 
Snake  Creek  siding,  Pontiac 

co..  Que   276 

Snake  Island  lake   See  Crook- 
ed lake. 

Snake  lake,  Annima-Xipissino 

lake   256 

Son   28 

SOMERVILLE    POINT,    LAKE  KlP- 

AWA   208 

South  Spruce  lake,  Tomiko 

river   279 

Spawnino  lake,  Lake  Tima- 

gami   273 

Sphene   83 

Springs   159 

Spruce   33 

Steatite   157 

Str  at  i  fi  c  atio  n   1 88 

Striae  131,  132 

Sturgeon     falls,  Sturoeon 

river  275,  277 

Sturgeon   river,  Nipissing 

t  iff  r     •  OO 

l*f\  FV  t'  l  .      ..................  4.  A. 

Agricultural  land   219 

Description  of  29,  30,  216 


PAGE. 

Sturgeon  river,  Nipissino 
dist — Con. 

Levels  on   277 

Navigability  of   218 

Tributaries  of   217 

Summit  lake,  MatabitchouaN 

river   279 

Swift  current,  Marten  creek.  278 

Syenite   74 

"T."    lake,    Gorden  creek, 

Ottawa  river   281 

Talc   84 

Talon  chute,  Mattawa  river. 

211,277 
Talon  lake,  Mattawa  river. 

87,211,277 

Tamarack   34 

Taylor,  F.  B   20 

Terrace   175 

Tetapaga  creek   273 

Tetapaga  lake   273 

Theivino-bear    lake,  Mata- 
bitchouan  river   279 

Third   Bass   lake,  Matabit- 

chocan  river   279 

Third  lake,  Sturgeon  river.  .  277 
Third  rapid,  Montreal  river.  280 
Thompson  lake,  tee  McConnell. 
Thorncliffe,  Ferris  tp.,  Ont.  275 
Three   Portage   lake,  Lake 

Timagami   2S1 

Tilden  lake,  Tomiko  river.  .  279 
Timagami   branch,  Montreal 

river   280 

Timagami  lake,  Timagami  river. 

Assays  142, 143 

Description  of  lake  266-269 

Glacial  striae   133 

Lakes  around  271-274 

Levels  on  277,278 

Rocks  of  104,269-271 

Size  and  height   23 

Soil  of   28 

Timber  32-35 

TlMIBKAMING  FORT  12,  13 

TlMISKAMINO  LAKE. 

Description  of  169-175 

Fossils  of.   283 

Glacial  striae   133 

High  and  low  water   165 

Islands  of     172 

Navigation  of   31 

Rocks  of   107 

Soundings  163,  164 

TlMISKAMINO  LAKE  TO  BAY  LAKE. 

265,  266 

TlMISKAMINO  MAP-SHEET,  ref.  to.  6 
TlMISKAMINO,     TOWNSHIPS  AND 

SURVEYS   6-9 

tomiko  lake,  tomiko  river.  .  278 
Tomiko  river,  Sturgeon  river. 

277,  278 

Tourmaline   84 

Trees  and  shrubs  32-36 
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Trenton  outliers  and  fossils. 

45.12Q 

Trout   38 

Trout  lake,  Mattawa  river. 

212,  277 

Trout  lake,  Lake  Timaoami. 

212. 2S1 

Turner  lake,  Lake  Timaoami. 

281 

Turtle  lake,  Mattawa  river. 

149, 222 

Twin  rapids,  Timaoami  river.  218 


Upper     Red     Water  lake, 
Marten  creek,  Red  Cedar 

LAKE. 

Mean  level  of   278 

Upper  Twin  lake,  Timaoami 

LAKE,  ONT. 

Mean  level  of   280 

Vermilion  lake  13.5,  1  ">0,  213 

Verner,  Caldwell  tp   225 

Wabaunk    lake,   see  White- 
beaver  lake. 
Wadis  bay,  Lake  Timiskamino.  108 

Wanapitei   158 

Waibikaioinaisino  lake,  Mata- 

bitchouan  river   270 

Wait,  F.  G   53 

Wakemika  lake,  Lake  Tima- 
oami 260.2811 

Wanapitei    lake,  Sturoeon 

river   278 

Warren,  Dunnet  tp   225 
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Wasacbinagama    lake,  Tima- 
oami lake   28Q 

Wawa8hkashing  creek,  Stur- 
geon river,  Ont. 

Mean  level  of   222 

Wawiaoama  lake   281 

Whetstones   L&j 

White-bear    lake,  Matabit- 

chouan  river   279 

White  Beaver  lake,  Ottertail 

RIVER   270 

White  Beaver  lake,  Pontiac 

co.,  Que  182,  2.SI 

White   lake,   White  creek, 

Ottawa  river  182.  281 

White-bear    lake,  Matabit- 

chouan  river  23(i,  231 

Whitefish   3fi 

Whitewater  lake   251 

Wicksteed     lake,  Marten 

creek  54, 136,228 

Wilson  lake,  Matabitchouan 

river   229. 

Wright,  G.  F   lfl 

Wright  gold  and  silver  mines. 

Uo-147,  lill 

WUSKIGAMA   LAKE,   See  Wa\VIA- 
GAMA. 

"  y."  lake,   gendreau  tp., 

Pontiac  co   226. 

Yew   31 

yo uno-loon  lake,  lake  tlma- 
oami   .223 

Zircon   83 

Zoisite   81 
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MINERAL  RESOURCES  BULLETINS 

818.  Platinum  859.  Salt.  877.  Gn.phite. 

S51.  Coal.  800.  Zinc.  8S0.  Prut. 

854.  Asbestus.  SG9.  Mica.  881.  Phosphates. 

857.  Infusoria!  Earth.  872.  Molybdenum  and  882.  Copper 
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953.  Barytcs. 


745.  Altitudes  of  Canada,  by  J.  White.    1899.  (40c.) 

BRITISH  COLUMBIA. 

212.  The  Rocky  Mountains  (between  latitudes  49°  and  51°  30  ),  by  G.  M.  Dawson. 
1885.  (25c.). 

235.  Vancouver  Island.  byG.  M.  Dawson.    1886.  (25c.). 

236.  The  Rocky  Mountains.  Geological  Structure,  by  R  G.  McConnell.  1886.  (20c.). 
263.  Cariboo  mining  district,  by  A.  Bowman.    1887.  (25c.). 
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294.  West  Kootenay  district,  bv  G.  M.  Dawson.  1888-89.  (35c). 
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574.  Pinlav  and  Ominccn  Rivers,  bv  R.  G  McConnell.    1894.  (15c.) 
743.  Atlin  Lake  mining  div.,  bv  J.  C.  Gwillim.    1S99.  (10c.) 

939.  Roasland  district,  B.C.,  by  R.  W.  Brock.  (10c.) 

940.  Graham  Island.  B.C..  bV  R  W.  Klls.  1905  (10c.) 
949.  Cascade  Coal  Field,  by  D.  B.  Howling.  (10c.) 
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260.  Yukon  district,  by  G.  M.  Dawson.    1887.  (30c.) 
295.  Yukon  and  Mackenzie  Basins,  by  R.  G.  McConnell.  1889T^-(25c.) 
687.  Klondike  gold  fields  (preliriiirmrv).  bv  R.  G.  McConnell.    1900.  (10c.) 
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725.  Great  Bear  Lake  and  region,  bv  .J  M.  Bell.    1900.  (10c.) 
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942.  Peel  and  Wind  Rivers,  by  Chas.  Camsell. 

979.  KKdike^  together.  (10c.) 

ALBERTA. 

237.  Central  portion,  bv  J.  B.  Tvrrell.     1886.  (25c.) 

324.  Peace  and  Atliabaska  Rivers  district,  by  R.  G.  McConnell.  1890-91.  (25c.) 
703.  YeUowhead  Pass  route,  bv  J.  McEvov     1898.  (15c.) 
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213.  Cypress  Hills  and  Wood  Mountain,  by  R.  G.  McConnell.    1885.  (25c.) 

601.  Country  between  Athabaska  Lake  and  Churchill  River,  by  J.  B.  Tyrrell  and  D.  B. 

Dowling.    1895.  (15c.) 
868.  Souris  River  coal-field,  by  D.  B.  Dowling.    1902.  (10c.) 


MANITOBA. 

264.  Duck  and  Riding  Mountains,  by  J.  B.  Tyrrell.    1887-8.  (10c.) 
296.  Glacial  Lake  Agassir,  by  W.  UphAm.    18S9.  (25c.) 
325.  Northwestern  portion,  by  J.  B.  Tyrrell,  IS9U-91.  (25c.) 

704.  Lake  Winnipeg  (west  shore),  by  D.  B.  Dowling.    1898.         \  RrtllfW,  tn„mtu„ 

705.  "  (east  shore),  byJ.  B.  Tyrroh\    1898.    (25c.)  /  Bouad  toSetuer- 


KEEWATIN  AND  FRANKLIN. 


217.  Hudson  Bay  and  strait,  by  R.  Bell.    1885.  (15c.) 

238.  Hudson  Bay,  south  of.  bv  A.  P.  Low.    1886.  (10c.) 

230.  Attawapiskat  and  Albany  Rivera,  bv  R.  Bell.    1886.  (15c.) 

244.  Northern  portion  of  the  Dominion,  by  G.  M.  Dawson.    1886.  (20c.) 

678.  Berens  River  Basin,  bv  D.  B.  Dowling.     1S94.  (15c.) 

618.  Northern  Kecwatin,  by  J.  B.  Tyrrell.    1896.  (30c). 

787.  Grass  River  region  by  J.  B.  Tyrrell  and  D.  B.  Dowling.    1900.  (25c.) 

815.  Ekwan  River  and  Sutton  Lake*,  by  D.  B.  Dowling.    1901.  (15c.) 

9U5.  The  Cruise  of  the  Neptune,  by  A.  P.  Low.    1905.  ($2.00). 


ONTARIO. 

215.  Lake  of  the  Woods  region,  by  A.  C.  Lawson.    18S5.  (25c.) 

265.  Rainy  Lake  region,  by  A.  C.  Lawson.    1887.  (25c.) 

266.  Lake  Superior,  mines  and  mining,  by  E.  D.  Ingall.    1888.  (25c.) 

326.  Sudbury  mining  district,  by  R.  Bell.    1890-91.  (20c.) 

327.  Hunter  island,  by  W.  H.  Smith.    1890-91.  (20c.) 

332.  Natural  Gas  and  Petroleum,  by  H.  P.  H.  Brumell.    1890-91.  (25c.) 

357.  Victoria.  Peterborough  and  Hastings  counties,  by  F.  D.  Adams.    1SD2-93.  (10c.) 

627.  On  the  French  River  sheet,  by  R.  Bell.    1896.  (10c.) 

078.  Seine  River  and  Lake  Shebandowan  ma  p-sheets,  by  W.  Mcl  nnes.    1897.  (20c.) 

672.  Nipissing  and  Tiraiskaming  map-sheets,  by  A.  E.  Barlow.  1896.  (In  Vol.  X.  80c.) 

723.  Iron  deposits  along  Kingston  and  Pembroke  Ry.,  by  E.  D.  Ingall.    1900.  (25c.) 

739.  Carleton,  Russell  and  Prescott  counties,  by  R.  W.  Ella.    1899     (25c.)(Sec  No. 
739  Quebec). 

741.  Ottawa  and  vicinity,  by  R.  W.  Ells.    1900.  (15c.) 

790.  Perth  sheet,  by  R.  W.  Ells.    1900.  (10c.) 

878.  Sudbury  Nickel  and  Copper  deposits,  bv  A.  E.  Barlow.    (In  Vol.  XIV.  80c) 

977.  Report  on  Pembroke  sheet,  Out.,  by  R.  W.  Ells.  (10c.) 

961.  Reprint  of  No.  873. 

962.  "  "  672. 


QUEBEC. 

216.  Mistassini  exposition,  by  A.  P.  Low.    1884-5.  (10c) 

240.  Compton,  Stnnstoad,  Beauce,  Richmond  and  Wolfe  counties,  by  R.  W.  Ells.  18S6. 
(25c.) 

268.  Mecanric.  Beauce,  Dorchester,  Levis,  Bellechasse  and  Montmagny  counties,  by 

R.  W.  Ells.    1S87-8.  (25c.) 
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To  A.  P.  Low,  Esq., 

Director,  Geological  Survey  of  Canada. 

Sir —I  beg  to  transmit,  herewith,  my  revised  report  on  the  Origin, 
Geological  Relations  and  Composition  of  the  Nickel  and  Copper 
Deposits  of  Sudbury,  Ontario,  my  original  report  of  1904  having  run 
out  of  print.  This  report  includes  brief  references  to  the  character 
and  extent  of  all  the  more  important  nickel  deposits  of  the  world, 
with  a  general  statement  of  their  production  and  methods  of  smelting 
and  refining.  Details  of  the  mining,  smelting  and  refining  opera- 
tions of  the  Sudbury  ores  are  furnished,  as  well  as  complete  statis- 
tical tables  of  production,  prices,  uses  and  composition  of  the  nickel 
of  commerce.  It  is  believed  that  the  report  will  serve  to  bring 
together  in  one  volume  all  of  the  more  valuable  and  critical  original 
investigations  in  regard  to  these  immense  and  apparently  inexhaust- 
ible deposits. 

Canada  has  realized  the  true  importance  and  value  of  these  mines 
and  has,  at  last,  taken  her  position,  from  which  she  will  not  recede, 
of  being  the  largest  producer  of  nickel  in  the  world. 

I  have  the  honour  to  be,  Sir, 

Your  obedient  servant, 

ALFRED  ERNEST  BARLOW. 

Geological  Survey  Office, 

Ottawa,  January,  1907. 
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THE  NICKEL  AND  COPPER  DEPOSITS  OF 
SUDBURY,  ONTARIO. 


BY 

Alfred  Ernest  Barlow,  M.A.,D.So. 


INTRODUCTION. 

Fifteen  years  having  elapsed  since  the  appearance  of  the  first 
official  and  detailed  account  of  these  famous  ore  bodies,  (*)  coupled 
with  the  fact  of  a  renewed  and  even  increased  interest  and  activity 
in  the  mining  of  nickel,  marked  the  time  as  most  opportune  when 
another  attempt  should  be  made  to  arrive  at  a  more  accurate  and 
complete  understanding  of  the  true  nature  and  extent  of  these  deposits 
which  have  proved  such  a  valuable  asset  to  Canada.  Besides,  the  first 
edition  of  the  map  of  the  Sudbury  Mining  district,  published  in 
1891,  to  accompany  a  report  by  Dr.  Robert  Bell  on  the  geology  of  this 
aroa  had  nearly  all  been  distributed,  and  this  in  spite  of  the  fact 
that  the  Bureau  of  Mines  of  Ontario  had  on  several  occasions  issued 
special  editions  of  practically  the  same  geological  map  to  accompany 
the  Annual  Reports  of  their  department,  as,  for  instance,  in  the  years 
1S92  and  1900.  In  addition  it  was  felt  that  although  the  general 
accuracy  and  usefulness  of  this  map  had  never  been  questioned  it 
was  lacking  in  certain  details  which  are  now  known  to  bo  of  the  first 
importance,  and  which  are  most  essential  for  a  proper  interpretation 
and  judgment  of  these  deposits.  Thus,  on  the  first  map,  the  intrusive 
mass  with  which  the  Chicago  and  Victoria  mines  occur  is  entirely 
separated  from  a  band  of  similar  rock,  along  the  southern  borders  of 
which  the  Gertrude,  Creighton  and  North  Star  deposits  are  situated, 
whereas  it  has  now  been  ascertained  that  all  of  these  properties  are 
developed  along  the  southern  boundary  of  one  large  and  continuous 
band,  constituting  the  southern  or  principal  belt  of  the  nickel  bearing 
eruptive.  Again,  on  this  first  map,  no  distinction  is  drawn  between 
the  masses  or  belts  of  nickel  bearing  norite,  and  certain  older  horn- 

(1)  Ado.  Rep.  Geol.  Sur.  Can..  Vol.  V.,  part  S.  1890-91,  pp.  122-138. 

(2)  Ann.  Rep.  Geol.  Sur.  Can.  Vol.  V..  part  P.  1890-91,  pp.  1-9B. 
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blende  porphyrites,  diorites  and  green  schists,  which,  although  closely 
related  to,  and  often  ressembling  the  norite,  are  altogether  barren  of 
deposits  of  the  valuable  sulphide  material.  This  resemblance  is  par- 
ticularly striking  when,  as  is  frequently  the  case,  both  have  under- 
gone more  or  less  pronounced  metainorphism.  It  is,  therefore,  not 
surprising  that  in  the  first  instance  they  were  confounded  and 
mapped  together.  Moreover,  the  presence  of  the  norite  as  a  distinct 
geological  unit  was  not  suspected  until  long  after  this  first  work  was 
completed,  the  associated  greenstones  being  considered  as  portions  of 
the  norite  which  had  been  metamorphosed  by  the  intrusion  of  the 
younger  granite  masses.  Even  the  Bureau  of  Mines'  map  of  1902, 
which  should  have  furnished  the  latest  information  in  regard  to  this 
area,  made  no  attempt  whatever  either  to  correct  the  more  glaring 
inaccuracies  in  the  geological  boundaries,  or  to  trace  out  the  import- 
ant line  of  separation  between  the  nickel  bearing  eruptive  proper  and 
the  closely  related,  though  barren  greenstones. . 

In  undertaking  this  new  work  it  was  felt  that  by  confining  oper- 
ations as  closely  as  possible  to  the  area  characterized  by  the  presence 
of  the  sulphide  bearing  norite  and  other  kindred  eruptives  a  more 
accurate  knowledge  would  be  obtained  of  the  mineralogical  com- 
position, structure  and  age  relations  of  the  various  rock  masses, 
while  at  the  same  time  the  boundaries  between  the  several  formations 
could  be  drawn  with  a  much  greater  degree  of  precision. 

Two  map  sheets  have  been  prepared  to  accompany  this  report, 
called  respectively  the  'Victoria  Mines'  and  'Sudbury*  maps,  each 
on  a  scale  of  one  mile  to  an  inch.  The  former  covers  an  area  of  220 
and  the  latter  210  square  miles,  making  a  total  of  430  square  miles. 
The  principal  new  work  on  the  Victoria  mines  map  has  been  the  out- 
lining of  the  two  smaller  bands  of  norite  south  of  the  Canadian 
Pacific  railway.  One  of  these,  crossing  the  southeast  corner  of 
Prury,  extends  completely  across  the  southern  part  of  the  township 
of  Denison.  This  band,  which  comes  to  an  end  east  of  the  Vermilion 
river,  contains  the  Worthington,  Mitchener  and  Tottcn  mines.  The 
first  mentioned  of  these  mines  is  famous  as  having  produced  the 
richest  nickel  ore  in  the  district.  On  the  other  band,  which  forms 
the  prominent  ridge  to  the  south  of  McCharles  and  Simon  lakes  on  the 
Whitefish  Indian  reserve,  no  deposit  of  any  economic  importance 
has  been  found.  The  boundaries  of  the  intrusive  mass  of  younger 
granite  which  extends  across  the  northern  and  central  parts  of 
Graham  township,  and  thence  into  Snider  and  Waters  townships, 
have  also  been  outlined  with  considerable  care.  It  is  to  be  regretted 
that  time  did  not  permit  the  separation  of  the  norite  and  the  older 
greenstones  and  schists,  but  the  geological  work  done  in  1901  was 
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intended  to  cover  the  whole  of  the  southern  belt  in  one  season,  and 
at  the  time  it  was  considered  more  important  to  ascertain  definitely 
the  continuity  or  otherwise  of  the  southern  or  main  nickel  range. 
The  main  mass  of  the  norite,  therefore,  which  runs  northeast  from 
the  Victoria  mines,  was  followed  through  the  northern  part  of  the 
township  of  Denison,  and  thence  across  the  Vermilion  river  into  the 
southern  part  of  the  township  of  Creighton,  thus  making  connexion 
with  the  other  mass  of  similar  basic  intrusive  rocks  which  had  been 
shown  on  geological  maps  previously  issued.  With  the  exception  of 
a  somewhat  critical  examination  of  some  of  the  outcrops  of  the 
peculiar  differentiation  product,  or  '  micropegmatite '  phase  of  the 
norite,  exposed  on  the  shores  of  Skill  and  Fairbank  lakes,  no  new 
work  has  been  done  in  the  northwestern  and  western  parts  of  this 
area,  and  the  outlines  of  the  formations  are  reproduced  from  the  old 
geological  map. 

The  geology  of  the  region  comprised  in  the  Sudbury  map  sheet 
has  all  been  revised,  with  special  attention  to  tracing  out  the  bound- 
aries of  the  various  masses  of  norite  and  separating  this  nickel 
bearing  eruptive  from  the  older  greenstones.  This  map  will  serve  to 
show  in  a  very  emphatic  manner  the  intimate  association  of  this 
peculiar  eruptive,  and  the  various  nickel  deposits,  and  the  invariable 
development  of  the  latter  along  the  line  of  junction  between  this  and 
the  neighbouring  rocks.  In  addition  to  these  two  map  sheets,  which 
exhibit  on  an  adequate  scale  not  only  the  general  geological  features, 
but  also  the  relative  position  of  all  the  more  important  mines,  there 
are  three  other  maps,  each  on  a  scale  of  400  feet  to  an  inch,  which 
may  be  referred  to  as  mining  geological  plans.  These  have  been  pre- 
pared with  more  care,  and  all  details  of  topography,  buildings,  open- 
ings, &c,  have  been  laid  down  as  accurately  as  possible  from  surveys 
made  by  means  of  the  transit  and  chain.  They  are  expected  to  be  of 
especial  value  to  the  individual  companies  whose  properties  they 
represent,  but  at  the  same  time  they  will  illustrate  in  detail  many 
of  the  characteristic  features  of  association,  which  most  of  these 
deposits  possess  in  common  with  one  another.  The  two  sheets  show- 
ing the  district  in  the  vicinity  of  the  International  Nickel  Company's 
mines  at  Copper  Cliff,  and  extending  from  Kelley  lake  on  the  south  to 
the  Lady  Violet  mine  on  the  north,  cover  an  area  of  about  nine  square 
miles.  The  third  map  sheet,  which  shows  the  geology  in  the  neigh- 
bourhood of  the  Murray  and  Elsie  mines,  as  well  as  the  position  of 
the  various  mining  buildings,  covers  an  area  of  nearly  two  square 
miles.  The  following  bulletin  is  based  mainly  on  the  field  work 
carried  on  during  the  seasons  of  1901  and  1902.  A  short  account  of 
what  was  accomplished  each  year  has  already  appeared  in  the  Sum- 
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mary  Reports  of  the  Geological  Survey  Department. (!)  In  addition  to 
this  and  other  information  which  has  appeared  from  time  to  time  in 
the  official  publications  of  the  Geological  Survey  Department  and  the 
Bureau  of  Mines  of  Ontario,  certain  details  of  original  investigation, 
which  throw  much  additional  light  on  the  origin  and  association  of 
these  deposits,  have  appeared  in  various  scientific  periodicals,  many 
of  which  are  not  very  easy  of  access  to  the  ordinary  reader.  It  has 
been  the  purpose  of  the  writer,  in  the  preparation  of  the  following 
report,  to  bring  together  and  make  use  of  much  of  this  widely  scat- 
tered information,  and  by  thus  supplementing  his  own,  render  the 
present  publication  of  wider  application  and  greater  service  to  the 
public. 

in  carrying  out  the  field  work  the  author  was  materially  aided 
by  Dr.  Ludwig  Mond,  of  London,  England,  under  an  agreement  by 
which  he  was  partially  relieved  from  his  duties  on  the  Survey,  during 
the  six  months  from  July  1  to  December  31,  1901. 

Much  of  the  accuracy  which  the  accompanying  maps  are  believed 
to  possess  is  due  to  the  efforts  of  Mr.  James  White,  Dominion  Geo- 
grapher, who  kindly  undertook  the  direction  of  the  surveys  necessary 
for  a  detailed  mapping  on  a  large  scale  of  the  area  examined.  This 
included  in  1901  a  traverse,  by  means  of  transit  and  steel  band  chain, 
of  the  main  line  of  the  Canadian  Pacific  Railway,  from  Wanapitei 
station  to  the  northern  boundary  of  the  township  of  Dowling,  a  short 
distance  northwest  of  Onaping  station.  The  '  Sault '  branch  was 
similarly  surveyed  from  Sudbury  Junction  as  far  west  as  Worthing- 
ton  station.  Connexion  was  made  with  the  observatory  at  Rayside, 
occupied  by  Astronomer  O.  J.  Klotz.  The  position  of  this  temporary 
observatory,  in  the  township  of  Rayside,  is  stated  by  Mr.  Klotz  to  be 
606  feet  west  of  the  line  between  lots  2  and  3,  in  con.  1,  and  441  feet 
north  of  the  centre  line  of  the  Canadian  Pacific  railway.  Its  astro- 
nomical position,  as  determined  by  Mr.  Klotz,  is  Long.  81°,  05',  38" 
W.  and  Lat.  46°,  32/  47"  N.  This  position  was  accepted  and  the 
projection  of  the  map  framed  in  accordance  therewith.  In  1902,  Mr. 
White  carried  on  similar  detailed  surveying  necessary  for  the  pre- 
paration of  the  two  large  scale  map  sheets  of  the  area  in  the  vicinity 
of  the  International  Nickel  Company's  mines  at  Copper  Cliff. 

In  the  whole  of  this  work  the  author  had  the  advantage  of  the 
zealous  and  able  assistance  of  Mr.  O.  E.  Leroy,  M.  A.  Sc.,  formerly 
Demonstrator  in  Geology  at  McGill  University,  Montreal,  and  this 
opportunity  is  taken  to  express  his  keen  appreciation  of  Mr.  Leroy's 
untiring  efforts  to  promote,  in  every  way,  the  objects  of  the  work. 


(1)  Sum.  Rep.  Geol.  Sur.  Can.  (1901)  pp.  141-145.  (1902)  pp.  252-267. 
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By  kind  permission  of  Dr.  J.  B.  Porter,  and  with  the  approval  of 
the  University  authorities,  the  magnetic  separation  of  these  ores  was 
carried  on  in  the  mining  laboratories  of  McGill  University  by  Mr. 
W.  M.  Ogilvie,  B.A.  Sc. 

Most  of  the  assays  and  analyses  are  the  work  of  Mr.  Donald  Locke, 
a  graduate  of  the  School  of  Mines,  Freiberg,  Germany,  who  for  a 
short  time  was  attached  to  this  department  as  metallurgist  and 
assayer. 

The  author  desires  to  express  thanks  for  information  and  assist- 
ance to  Dr.  Ludwig  Mond,  Dr.  Bernhard  Mohr  and  other  officials  of 
the  Mond  Nickel  Company;  to  President  A.  P.  Turner,  Captain 
Lawson  and  other  officers  of  the  International  Nickel  Company,  resi- 
dent at  Copper  Cliff,  Ont. ;  to  the  representatives  of  the  Lake  Superior 
Power  Company,  Great  Lakes  Copper  Company  and  II.  H.  Vivian 
and  Company,  who  were  stationed  in  the  district.  It  would  be  diffi- 
cult to  mention  by  name  all  those  who,  either  with  information  or 
otherwise,  have  assisted  in  the  object  of  these  investigations,  but  the 
author  would  like  in  this  connexion  to  express  his  deep  gratitude  to 
the  residents  of  Sudbury,  Copper  Cliff  and  Victoria  Mines,  who 
showed  him  the  greatest  kindness  and  consideration  during  his 
sojourn  in  their  midst. 

Previous  Examinations  and  Descriptions. 

The  literature  in  regard  to  the  nickel  and  copper  deposits  of  the 
Sudbury  mining  district  has  already  reached  such  large  proportions 
that  it  seems  advisable  in  passing  to  make  brief  mention  of  some  of 
the  principal  publications  which  show  evidence  of  original  research, 
the  results  of  which  have  added  materially  to  our  knowledge  of  the 
nature  of  the  occurrences  of  these  immense  ore  bodies.  These  deposits 
of  pyrrhotite,  with  their  unusually  high  content  of  nickel,  and  inti- 
mately associated  chalcopyrite,  arc  of  importance,  not  only  from  the 
economic  standpoint,  but  also  from  the  point  of  view  of  science,  as 
having  furnished  such  strong  presumptive  evidcnco  for  regarding 
these,  and  similarly  related  deposits,  as  of  igneous  origin,  and  due  to 
processes  of  differentiation  in  the  original  magma,  from  which  they 
and  the  associated  eruptive  rocks  have  solidified. 

The  discovery  of  nickel  at  the  Wallace  mine  in  1346,0)  although 
creating  some  excitement  at  the  time,  was  soon  forgotten,  as  well  as 
the  prediction  which  has  since  been  amply  verified,  that  deposits  of 
both  nickel  and  cobalt  of  economic  importance  would  yet  be  located 


(1)  Rep.  of  Progress,  Oeol.  Sur.  Can.,  184S-49,  pp.  61-63:  Geol.  of  Can,  p. 
606. 
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in  this  region.  Attention  was  again  drawn  to  the  subject  by  the  find- 
ing in  1856C1)  of  nickel  and  copper  on  Salter's  meridian  line,  a  little 
over  six  miles  north  of  Whitefish  lake,  and  less  than  half  a  mile 
southwest  of  the  main  pit  of  the  present  celebrated  Creighton  mine, 
probably  the  largest  deposit  of  nickeliferous  pyrrhotite  in  the  world. 
This  wrs  rgain  lest  fight  of,  or  the  discovery  considered  of  no  im- 
portance, perhaps  because  of  the  meagre  information  in  regard  to  its 
occurrence,  but  more  likely  on  account  of  the  wild  and  inaccessible 
nature  of  the  district  in  which  the  deposit  had  been  found.  The 
building  of  the  Canadian  Pacific  railway  quickly  changed  these  con- 
ditions, and  in  loss  than  ten  years  from  the  first  opening  of  this 
means  of  access  to  the  district  all  the  mines  which  are  at  present 
working  had  been  located. 

The  first  statistics  which  were  published  concerning  these  deposits 
related  to  the  export  of  copper  ore  in  1886,  amounting  to  3,307  tons, 
with  a  declared  customs  value  of  $16,404.  (2)  In  1887,  this  quantity 
had  decreased  to  567  tons,  valued  at  $3,416.  (s)  The  discovery  of 
nickel  in  the  ore  about  this  time  decided  the  Canadian  Copper  Com- 
pany to  install  the  necessary  plant  for  the  production  of  nickel  and 
copper  matte,  and  in  the  preparation  for  this  and  other  mining 
development  work  no  exports  are  recorded  from  this  district  in  1888. 

In  October,  1887,  Mr.  J.  H.  Collins  visited  the  Sudbury  region  to 
examine  into  the  extent  and  economic  possibilities  of  the  so-called 
copper  mines.  On  June  6th,  1888,  he  read  a  paper  before  the  Geolo- 
gical Society  of  London, '  On  the  Sudbury  Copper  Deposits,'  in  which 
he  embodied  the  results  of  these  examinations,  which,  however,  seem 
to  have  been  restricted  mainly  to  the  area  in  the  immediate  vicinity 
of  the  Copper  Cliff  and  Stobie  mines.  An  abstract  of  this  paper  was 
afterwards  published,  (4)  accompanied  by  two  cross  sections  of  the 
mines  above  mentioned,  showing  the  geological  association  and  posi- 
tion of  these  deposits.  The  author  considers  the  main  ore  bodies  to 
have  been  the  result  of  secondary  action,  the  sulphides  occupying 
fissures  along  certain  lines  of  weakness,  produced  by  the  intrusion  of 
igneous  material.  In  the  discussion  that  followed  Mr.  Attwood  stated 
his  conviction  that  the  diorites  had  brought  up  the  metals.  At  the 
end  of  the  paper  a  note  is  added  bearing  the  date  of  October  22nd, 
1888,  that  the  ore  of  the  Evans  mine  contains  Copper,  3  per  cent; 
Nickel,  3-5  per  cent;  Iron,  40  per  cent;  Sulphur,  24  per  cent;  Rock, 
29 -.5  per  cent. 


a)  Rep.  of  Progress,  Geol.  Sur.  Can.   lfcr>3-56,  pp.  180-181. 

(2)  Ann.  Rep.  Geo.  Sur.  Can.,  1886,  Part  S,  p.  25. 

(3)  Ann.  Rep.  Geo.  Sur.  Can.,  1887-88,  Part  S,  p.  21 

(4)  Quart.  Jour.  Geol.  Soc.  Lon.p  Vol.  XLIV.,  1888   pp.  84-838. 
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In  October,  1888,  Mr.  Francis  L.  Sperry,  then  chemist  to  the 
Canadian  Copper  Company,  sent  a  small  quantity  of  what  seemed  a 
remarkable  mineral  to  Professor  H.  L.  Wells,  of  the  Sheffield  Scien- 
tific School  at  New  Ilaven,  Conn.  A  few  tests  sufficed  to  show  that 
the  substance  was  essentially  an  arsenide  of  platinum.  Several 
ounces  of  this  mineral  had  been  obtained  in  milling  certain  loose 
material  (gossan),  associated  with  the  sulphides  at  the  Vermilion 
mine  in  the  township  of  Denison.  A  complete  statement  of  facts 
relative  to  its  composition,  physical  characters  and  crystallographic 
behaviour,  was  prepared  by  Profs.  Wells  and  Penfield,  who  proposed 
the  name  '  sperrylite '  for  this  new  mineral  in  honour  of  its  discov- 
erer. (*) 

About  the  same  time  Profs.  Clarke  and  Catlett  (2)  of  Washing- 
ton obtained  through  two  different  channels  certain  samples  of 
nickel  ores  taken  from  the  Vermilion  mine,  belonging  to  the  Canadian 
Copper  Company.  From  one  source  they  obtained  two  masses  of 
sulphides  to  be  examined  for  nickel  and  copper,  from  the  other  came 
similar  sulphides,  together  with  a  series  of  soil  and  gravel-like  mate- 
rial (gossan),  seven  samples  in  all.  In  the  latter  case  an  examina- 
tion for  platinum  was  requested,  and  in  live  of  the  samples  above 
mentioned  it  was  found  the  gravel  yielded  74-85  ozs.  of  metals  of  the 
platinum  group  to  the  ton  of  2,000  pounds.  The  sulphide  ores  were 
all  of  a  similar  character.  They  consisted  of  mixed  masses,  in  which 
a  grey,  readily  tarnishing  substance  was  predominant,  with  some 
chalcopyrite,  possibly  some  pyrite,  and  a  very  little  quartz.  An  anal- 
ysis of  carefully  selected  material  of  the  nickel  mineral  showed  its 
formula  to  conform  in  general  with  that  of  polydymite,  which  had 
previously  been  described  by  Laspeyres  from  Griinau,  Westphalia,  of 
which  it  is  evidently  a  ferriferous  variety. 

At  the  Buffalo  meeting  of  the  American  Institute  of  Mining 
Engineers,  .  H.  Merritt,  Toronto,  contributed  a  paper  on  'The 
Minerals  of  Ontario  and  their  Development,'  in  which  he  includes  a 
brief  description  of  the  Sudbury  deposits. (3) 

In  the  Summary  Report  of  the  Geological  Survey  for  1888  Dr. 
Bell  (4)  mentions  that  '  the  modes  of  occurrence  and  the  geological 
relations  of  the  economic  minerals  of  the  districts  examined  (between 
Lake  Huron  and  Montreal  river)  were  carefully  studied.  The  metals 
which  give  most  promise  are  the  copper  and  nickel  deposits  which 


(1)  Amer.  Jour.  Sc..  Vol.  XXXVII.,  1889,  pp.  67-73;  also  Zelt.  fur  Kryst. 
Vol.  XV.,  pp.  285  and  290-291. 

(2)  Amer.  Jour.  Sc.  Vol.  XXXVII.,  1889,  pp.  372-874. 

(3)  Trans.  Amer.  In*.  Min.  En*.  Vol.,  XVII..  1888-89,  pp.  293-300. 

(4)  Ann.  Rep.  Oeol.  Sur.  Can.,  1887-8,  p.  79  A. 
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have  been  worked  for  the  last  throe  years  near  Sudbury.'  Again,  in 
the  report  for  1889,  Dr.  Bell,  (»)  after  a  brief  sketch  of  the  geology 
of  the  area  included  in  the  Sudbury  map  sheet,  gives  a  few  notes  on 
the  character  and  mode  of  occurrence  of  these  deposits,  as  also  the 
progress  of  the  mining  and  metallurgy  which  were  then  in  vigorous 
operation.  He  viewed  the  pyvrhotite  as  a  true  nickeliferous  variety, 
in  which  some  of  the  iron  is  replaced  by  nickel.  The  deposits  arc 
described  as  '  stock-works '  in  which  the  vein  structure  is  very  obscure. 
The  ore  bodies  are  regarded  as  usually  occurring  in  some  form  of 
diorite,  the  concentration  of  the  ore  being  perhaps  connected  in  some 
way  with  certain  diabase  dikes  which  were  in  some  cases  seen  near 
the  deposits. 

At  the  Ottawa  meeting  of  the  American  Institute  of  Mining  En- 
gineers, held  in  October,  1889,  Dr.  E.  D.  Peters,  who  had  charge  of 
the  operations  at  the  Canadian  Copper  Company's  mines  near  Sud- 
bury, read  a  paper  '  On  the  Sudbury  Ore  Deposits.'  (2)  Ho  opens 
with  a  short  and  very  general  statement  of  the  geological  conditions, 
makes  a  passing  mention  of  the  two  principal  sulphides  which  con- 
stitute these  deposits,  and  devotes  the  rest  of  his  paper  to  a  descrip- 
tion of  the  equipment  and  methods  of  mining  and  metallurgy  pur- 
sued by  the  company  of  which  he  was  the  manager. 

In  1890,  as  one  of  the  Royal  Commissioners  to  inquire  into  the 
mineral  resources  of  Ontario,  Dr.  Robert  Bell,  of  the  Geological 
Survey  of  Canada,  in  treating  of  the  :  Geology  of  Ontario  with 
Special  Reference  to  Economic  Minerals,'  devotes  some  attention  to 
the  nickel  and  copper  deposits  of  the  area  in  the  vicinity  of 
Sudbury.  (3) 

In  1891  (4)  Dr.  Bell  described  in  greater  detail  the  nature  and 
extent  of  these  deposits  and  also  their  geological  relations,  giving  the 
results  of  the  field  work  of  the  Geological  Survey  in  this  area  during 
the  three  years  1888-900.  Accompanying  the  same  volume  the  first 
geological  map  of  the  district  appeared,  showing  in  this  graphic  way 
the  limits  of  the  different  formations  or  subdivisions  of  these  old 
rocks,  over  an  area  of  3,456  square  miles.  This  map,  although  faulty 
and  inaccurate  in  places,  has  been  the  basis  of  all  subsequent  geolo- 
gical work  undertaken  in  this  district,  although  it  is  now  superseded 
in  certain  areas  by  the  maps  lately  published,  by  the  Bureau  of  Mines 


(1)  Ann.  Rep.  Geol.  Sur.  Can.,  1888-89,  pp.  29-32  A. 

(2)  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XVIII.  (1880),  pp.  278-289. 

(3)  Min.  Res.  of  Ont.  1890,  p.  24;  also  pp.  434-435;  also  Ann.  Rep.  Bur.  of 
Mines,  Ont.  1891,  pp.  88-90. 

(4)  Ann.  Rep.  Geol.  Sur.  Can.,  Vol.  V.,  Part  F.,  pp.  1-95;  also  Bull.  Geo. 
Soc.  Am..  Vol.  II.,  1891,  pp.  126-137. 
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of  Ontario,  and  those  issued  to  accompany  the  present  bulletin.  The 
imperfections  of  these  latest  maps  will  also  in  turn  beeome  apparent 
as  the  region  is  cleared  and  opened  up  and  more  detailed  information 
in  regard  to  the  distribution  of  the  various  rock  masses  is  thus 
possible. 

On  March  6th,  1891,  (»)  the  author  of  the  present  bulletin  read  a 
paper  before  the  Logan  Club  of  Ottawa  {  On  the  Nickel  and  Copper 
Deposits  of  Sudbury,'  which  was  published  in  June  of  the  same  year, 
in  which  appears  a  very  definite  statement  affirming  an  igneous 
origin  (2)  for  these  masses  of  sulphide  material,  in  the  following 
words : — 

*  The  ores  and  the  associated  diabase  were,  therefore,  in  all  proba- 
bility simultaneously  introduced  in  a  molten  condition,  the  particles 
of  pyritous  matter  aggregating  themselves  together  in  obedience  to 
the  law  of  mutual  attraction/  In  the  same  paper  the  author  makes 
the  following  significant  statement,  which  has  since  been  proved  by 
means  of  the  magnetic  separation  of  the  ore : —  '  The  nickel  is  usually 
spoken  of  as  replacing  an.  equal  quantity  of  iron  in  the  pyrrhotite, 
but  the  discovery  of  undoubted  crystals  of  millerite  or  sulphide  of 
nickel,  150  feet  below  the  surface  at  Copper  Cliff  mine,  as  well  as  the 
more  recent  recognition  of  polydymite,  a  ferriferous  sulphide  of 
nickel,  at  the  Vermilion  mine,  in  the  township  of  Denison,  seem  to 
justify  the  assumption,  that  in  the  more  highly  nickeliferous  deposits 
of  the  region  at  least,  the  nickel  is  also  present  as  a  sulphide,  dis- 
seminated through  the  oro  masses  like  the  iron  and  copper.'  In  1801 
Mr.  T.  L.  Walker,  then  chemist  at  the  Murray  mine,  obtained  30  per 
cent  of  nickel  in  some  bright  cleavable  fragments  of  a  mineral  which 
occurred  in  the  form  of  more  or  less  rounded  patches  in  the  ordinary 
nickeliferous  pyrrhotite  at  the  Worthington  mine.  The  writer,  who 
bad  provided  Mr.  Walker  with  these  samples,  suggested  the  advisa- 
bility of  a  complete  analysis  of  as  pure  material  as  could  be  selected. 
It  is  to  be  regretted  for  Walker's  sake,  so  far  as  priority  in  the  first 
recognition  of  pentlandite  in  this  district  is  concerned,  that  the  pre- 
sent writer,  in  publishing  the  results  of  this  first  analysis,  (3)  merely 
stated  his  own  belief  that  these  peculiar  nodular  masses  probably 
represented  a  mixture  in  which  millerite  was  the  most  prominent  con- 
stituent, omitting  to  make  mention  of  the  fact  that  the  chemist  hail 
stated  his  belief  that  the  material  was  almost  pure  '  Eisennickelkies,' 

(1)  Ottawa  Naturalist,  June.  191, .  pp.  1-20;  also  Ann.  Rep.  Geol.  Sur.  Can., 
Vol.  V..  Part  S.,  1890-91.  pp.  122-138. 

(2)  9eo  also  a  paper  by  Dr.  Robert  Boll  on  'The  Nickel  and  Copper  De- 
posits of  Sudbury  dlstrlot,  Canada.'  Bull.  Geol.  Socy.  of  Am..  Vol.  II..  1891. 
pages  185-36. 

(3)  Ann.  Rep.  Geol.  Sur.  Can.,  1890-91,  Part  SS..  pp.  116-117. 
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the  German  synomym  for  pentlandite.  At  this  time  it  was  consid- 
ered of  more  importance  to  emphasize  the  fact,  which  had  grown 
beyond  a  conviction,  that  the  nickel  was  undoubtedly  present  in  these 
ore  bodies  as  a  distinct  sulphide,  mechanically  intermixed  and  pro- 
bably separable,  and  not  as  replacing  a  portion  of  the  iron  in  thn 
pyrrhotite.  It  was  even  considered  probable  that  several  nickel  sul- 
phides, and  not  one  alone,  contributed  to  the  unusual  enrichment  of 
these  ores. 

The  report  of  the  Division  of  Mineral  Statistics  and  Mines  of  th«s 
Geological  Survey  for  1890,  although  not  published  until  the  follow- 
ing year,  contained  the  first  statistics  showing  the  production  and 
export  of  nickel  and  copper  matte  from  the  Sudbury  district.  This 
was  likewise  accompanied  by  a  somewhat  detailed  description  of  the 
deposits,  to  which  attention  has  already  been  drawn.  (l)  Previous  to 
this,  however,  in  the  report  (2)  of  the  same  department  for  1889,  men- 
tion is  made  of  the  production  of  nickel  in  Canada,  but  the  figures 
of  production  then  supplied  were  only  used  in  the  summary  of  pro- 
duction. This  course  was  necessary  at  the  time,  as  the  figures  then 
available  represented  the  production  of  only  one  company,  who  gave 
the  figures  on  the  understanding  that  they  were  only  to  be  used  in 
the  compilation  of  totals. 

In  the  first  report  of  the  Ontario  Bureau  of  Mines  for  1891,  then 
just  organized,  considerable  space  is  devoted  not  only  to  the  statistics 
of  production  of  nickel  and  copper  matte,  but  also  to  various  details 
regarding  the  geological  relationship  of  the  ores,  the  methods  of 
mining  and  metallurgy,  as  well  as  the  use  and  value  of  nickel.  It 
also  contains  the  first  of  the  annual  reports  of  the  inspector  of  mines, 
which  each  year  since  has  contained  an  epitomized  statement  of  the 
progress  of  mining  and  smelting  in  this  area. 

In  1891,  Mons.  J.  Gamier,  (3)  who  had  become  famous  as  the 
discoverer  of  the  New  Caledonia  nickel  deposits,  visited  Canada,  and 
on  his  return  to  Paris  furnished  an  account  of  his  examination  in  a 
paper  entitled,  'Mines  de  Nickel,  Cuivre  et  Platine  du  District  de 
Sudbury,  Canada.' 

In  1892,  Dr.  S.  *i.  Emmons,  of  Youngwood,  Penn.,  and  President 
of  the  Emmons  Metal  Company,  announced  the  discovery  of  three 
new  nickel  minerals  from  the  Sudbury  district,  for  which  he  proposed 
the  names  Folgerite,  Blueite  and  Whartonite.  (4)    The  substances 


(1)  Ann.  Rep.  Geol.  Surv.  Can.,  1890-9L  Part  S..  pp.  121-143. 

(2)  Ann.  Rep.  Geol.  Surv.  Can..  1888-89.  Part    S..  1889,  pp.  5  and  123. 

(3)  Mem.  Soc.  d«6  log.  Civil*.  Parle,  1891. 

(4)  Jour.  Am.  Chera.  Soc.,  Vol.  XIV.,  No.  7;  also  Ann.  Rep.  Bur.  of  Mines, 
Ont.   1892,  pp.  167-170 
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thus  named  were  stated  to  be  sulphides  of  iron  and  nickel,  the  pro- 
portion of  the  latter  metal  varying  from  3-76  per  cent  in  blueite  to 
35-20  per  cent  in  folgerite.  All  authorities,  however,  agreed  that 
none  of  these  are  definite  mineral  species,  being  mixtures  of  different 
sulphides.  Thus  folgerite  is  regarded  as  impure  pentlandite,  blueite 
is  a  nickeliferous  pyrite,  and  whartonite  a  mixture.  A  perusal  of  Dr. 
Emmons'  methods  of  analysis,  and  the  variability  of  his  results  are 
sufficient  proofs  that  none  of  these  names  which  he  proposes  should 
receive  a  place  in  mineralogical  literature.  About  the  same  time 
Dr.  Emmons  conducted  some  rather  crude  and  evidently  hurried 
experiments  in  regard  to  the  separation  of  the  components  of  the 
pyrrhotite  by  means  of  magnetism,  but  the  results  are  far  from  satis- 
factory. 0)  The  material  on  which  the  trials  were  made  came  from 
both  the  Gap  mine,  Pa.,  and  Sudbury,  Ont. 

In  1892,  Mons.  David  Levat,  formerly  Director-General  of  the 
Societe  de  Nickel,  prepared  a  memoir  on  the  production  and  uses  of 
nickel  and  its  alloys,  entitled  '  Progres  de  la  Metallurgie  du 
Nickel,'  (2)  an  abstract  from  which  is  translated  and  printed  in  the 
report  of  the  Bureau  of  Mines  of  Ontario.  (3)  Besides  a  description 
of  the  metallurgical  treatment  of  the  Sudbury  ores  he  institutes  a 
comparison  between  these  and  the  New  Caledonia  ores,  giving  all 
necessary  details  in  regard  to  these  latter,  their  composition,  metal- 
lurgy, transportation,  mining  operations,  and  concludes  with  certain 
particulars  relating  to  the  composition  of  the  nickel  of  commerce,  its 
alloys,  and  statistics  of  production. 

During  the  summer  of  1890  the  late  Baron  von  Foullon,  of  the 
Geological  Survey  of  Austria,  spent  a  few  weeks  in  the  district,  direct- 
ing his  attention  chiefly  to  the  determination  of  the  relative  ages  of 
the  different  rocks.  His  collection  of  rocks  for  future  study  con- 
tained a  specimen  obtained  from  one  of  the  detached  blocks  of  mate- 
rial which  had  been  blasted  out  to  make  room  for  the  foundations  of 
the  smelter  at  the  Murray  mines.  Examination  of  thin  sections  of 
this  specimen  under  the  microscope  revealed  for  the  first  time  the 
identity  of  what  was  evidently  a  typical  and  unaltered  representative 
of  the  nickel  bearing  eruptive,  showing  it  to  contain,  besHps  the  pln- 
gioclase,  strongly  pleochroic  hypidimorphie  individuals  of  hvpers- 
tbene,  together  with  a  smaller  amount  of  diallage,  both  of  these  last 
mentioned  minerals  being  often  bordered  with  hornblende.  The  rock 
thus  evidently  belonged  to  the  general  type  of  gabbros,  which  by  the 

(1)  Jour.  Am.  Chem.  Soc..  Vol.  XIV..  No.  10;  atoo  Ann.  Rep.  Bur.  of  Mine*. 
Out..  1892.  pp.  163-166. 

(2)  Ann.  des  Mine*.  Parle.  1892.  pp.  141-224. 

(3)  Ann!  Rep.  Bur.  of  Mines.  Ont..  1892,  pp.  149-162. 
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abundance  of  the  hypersthene  is  related  to  the  norites.  (*)  This  was 
the  first  recognition  of  the  true  character  of  the  eruptive  with  which 
the  nickel  deposits  are  so  intimately  associated,  although  the  late 
Professor  G.  II.  Williams  had  in  1901  described  (*)  a  very  similar 
rock  from  the  vicinity  of  the  Blezard  mine,  but  which  in  the  descrip- 
tion of  the  field  relations  furnished  him,  had  been  reported  as  occur- 
ring in  a  later  dike.  In  1893,  Dr.  A.  P.  Coleman  (3)  showed  that  the 
country  rock  of  the  nickel  deposits  south  of  Clear  lake,  on  the 
Northern  Nickel  range,  was  a  gabbro  containing  both  diallage  and 
enstatite.  In  the  same  publication  he  gives  a  description  of  the 
petrographical  characters  of  the  peculiar  type  of  rock  to  which  Wil- 
liams first  gave  the  name  '  micropegmatite/  and  which  occurs  here  as 
elsewhere,  throughout  the  district,  in  intimate  association  with  the 
sulphite  bearing  eruptive. 

In  1893,  Prof.  S.  L.  Penficld  recognized  and  described  for  the  first 
time  the  mineral  pentlandite,  from  the  Sudbury  district,  found  in 
some  sulphide  material  sent  to  him  some  years  previously  by  Mr.  F. 
L.  Sperry.  (4)  Immediately  following  this  article,  in  the  same  publi- 
action,  he  criticises  rather  severely  the  methods  of  analysis  adopted 
by  Dr.  Emmons  in  his  attempt  to  establish  the  claims  of  folgerite, 
blueite  and  whartonite  to  be  recognized  as  new  mineral  species.  (s) 

In  the  same  year,  David  II.  Browne,  (6)  chemist  of  the  Canadian 
Copper  Company,  challenged  the  accuracy  of  Dr.  Emmon's  magnetic 
work,  as  also  the  conclusions  based  thereon,  so  far  at  least  as  the 
material  from  Sudbury  is  concerned.  At  the  same  time  ho  published 
the  details  of  certain  personal  experiments  in  connexion  with  the 
magnetic  separation  of  the  ores  from  the  Copper  Cliff.  Evans  and 
.  Stobie  mines.  The  ore  was  first  handpicked  and  then  crushed  to  vari- 
ous degrees  of  fineness.  By  means  of  these  trials  he  succeeded  in 
dividing  the  material  thus  prepared  into  a  magnetic  and  non-mag- 
netic product,  the  analysis  of  the  latter  showing  a  close  resemblance 
to  the  pentlandite  described  by  Penfield. 

In  June,  1893,  T.  L.  Walker  (7)  visited  the  Vermilion  mine  and 
procured  some  additional  material  similar  to  that  in  which  Wells  and 


(1)  "  Ueber  eJnige  Nickelrzvorkonunen,"  Jabr.  d.  k-k.  geol.  Reichsanstadt, 
Vol.  XLII..  pp.  223-310,  Vicnne.  1892. 

(2)  Ann.  Rep.  Geol.  Surv.  Can.,  1890-91,  Part  F,  p.  77. 

(3)  '  The  Rocks  of  Clear  lake  near  Sudbury,'  Can.  Rec.  Sc.,  Vol.  V., 
1892-93,  pp.  343-346. 

(4)  Am.  Jour.  Sc..  Vol.  XLV.,  1893.  pp.  493-494. 

(5)  Am.  Jour.  Sc.,  Vol.  XLV.,  1893,  pp.  494-497. 

(6)  Eng.  and  Mln.  Jour.  Dec.  2nd,  1893,  Vol.  LVL,  pp.  568-566. 

(7)  Am.  Jour.  Sc..  Vol.  I..  1896.  pp.  1TO-112. 


Digitized  by  Google 


PREVIOUS  EXAMINATIONS  AND  DESCRIPTIONS 


17 


Penfield  had  first  discovered  sperrylite.  The  evidence  of  these  new 
specimens  of  this  comparatively  rare  mineral  enabled  him  to  publish 
further  details  in  regard  to  its  crystallographic  behaviour.  After 
critical  examination  of  the  associated  sulphides  he  concludes  that 
this  sperrylite  is  associated  with  the  chalcopyrite,  and  not  with  the 
pyrrhotite,  and  that  accordingly  nickel  mattes  from  mines  low  in 
copper  contain  very  little  platinum,  while  those  richer  in  copper 
afford  a  matte  proportionately  richer  in  platinum.  He  mentions  the 
fact,  however,  that  the  polydymitc  of  Clarke  and  Catlctt  contains 
from  0  006  per  cent  to  0  024  per  cent  of  platinum.  Q 

In  April,  1893,  Prof.  W.  L.  Goodwin  (2)  announced  the  discovery 
of  a  highly  nickeliferous  pyrite,  occurring  at  the  Murray  mine,  and 
published  an  analysis  of  this  somewhat  unusual  association.  The 
material,  however,  on  which  the  examination  was  conducted,  was  mas- 
sive and  somewhat  decomposed.  A  little  later,  however,  T.  L. 
Walker  secured  several  specimens  showing  druses  of  small  bright 
cubic  crystals.  Those  were  found  associated  with  marcasite,  (con- 
taining no  nickel  or  cobalt)  magnetite,  galena,  chalcopyrito  and 
nickeliferous  pyrrhotite.  An  analysis  of  this  new  and  fresh  material 
was  made,  and  the  conclusion  reached  that  the  specimens  represented 
true  nickeliferous  pyrite,  in  which  the  isomorphous  elements,  iron 
and  nickel,  replaced  each  other  in  varying  proportions.  (3) 

During  the  summer  and  fall  of  1893,  E.  Renshaw  Bush,  while 
pursuing  professional  work,  visited  some  of  the  more  important 
deposits,  afterwards  publishing  his  observations  in  a  paper  called 
'  The  Sudbury  Nickel  region.'  (*) 

On  December  4th,  1893,  Philip  Argall,  of  Denver,  Col.,  presented 
a  paper  to  the  Colorado  Scientific  Society  on  4  Nickel,  the  Occur- 
rence, Geological  Distribution  and  Genesis  of  its  Ore  Deposits.'  This 
author  gives  a  short  but  rather  complete  statement  of  the  character, 
composition  and  distribution  of  the  three  groups  of  the  ores  of  nickel 
— arsenides,  sulphides  and  silicates — and  makes  special  mention  of 
the  main  features  and  importance  of  the  Sudbury  ore  deposits.  (5) 

On  January  12th,  1894,  Dr.  Frank  D.  Adams,  of  Montreal,  sub- 
mitted a  paper  to  the  General  Mining  Association  of  the  Province  of 
Quebec,  '  On  the  Igneous  Origin  of  certain  Ore  Deposits.'    In  this 


(1)  Bull.  U.  S.  a-  8.,  No.  ©4,  p.  21. 

(2)  Can.  Rec.  Sc.,  Vol.  V.,  1892-93.  pp.  346-347. 

(3)  Am.  Jour.  Sc.,  XL»VII..  April.  1904,  pp.  312-3H. 

(4)  Eng.  and  Mln.  Jour..  March  17.  1894.  Vol.  L.VII..  pp.  245-246. 

(5)  Proc.  Col.  Sc.  Soc,  Vol.  IV..  1891-93.  pp.  395-421. 
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pnper  ho  gives  a  synposis  of  the  main  conclusions  reached  by  Prof. 
J.  H.  L.  Vogt,  of  Christiania,  from  his  examinations  and  study  of 
the  nickeliferous  sulphides  of  Norway,  and  agreeably  with  these  Dr. 
Adams  claims  an  igneous  origin  for  the  various  Sudbury  occurrences, 
the  concentration  of  the  ore  being  the  direct  result  of  magmatic  dif- 
ferentiation of  the  peculiar  type  of  eruptive  with  which  the  deposits 
of  both  countries  are  always  associated.  0) 

In  1895,  Prof.  J.  F.  Kemp,  of  Columbia  University,  New  York, 
gives  '  An  Outline  of  the  Views  held  To-day  on  the  Origin  of  Ores,' 
offering  an  explanation  based  on  the  laws  of  thermo-chemistry,  to 
explain  the  concentration  of  these  sulphides  of  iron,  copper  and 
nickel.  (2) 

In  1S97,  Dr.  T.  L.  Walker  presented  his  inaugural  dissertation,  to 
obtain  the  degree  of  Doctor  of  Philosophy,  to  the  University  of  Leip- 
zig, taking  as  his  subject  '  Geological  and  Petrographical  Studies  of 
the  Sudbury  Nickel  district,  Canada.'  This  thesis  was  afterwards 
communicated  to  the  Geological  Society  of  London  by  Prof.  J.  J.  H. 
Teall,  and  subsequently  published  in  an  abridged  form.  (3)  This 
publication  contains  on  epitome  of  Dr.  Walker's  studies  of  the  rocks 
which  are  most  intimately  associated  with  the  nickel  deposits.  The 
author  is  in  full  agreement  with  Vogt,  Adams  and  others,  regarding 
these  ore  bodies  as  of  igneous  origin,  owing  their  present  position 
and  dimensions  to  magmatic  differentiation.  Die  furnishes  very  com- 
plete details  of  the  petrographical  character,  not  only  of  the  nickel 
bearing  eruptive,  but  also  of  the  associated  greenstones  and  the  clas- 
tic rocks  of  the  Tluronian,  making  brief  mention  of  the  mineralogicnl 
composition  of  the  Laurentian  gneisses  exposed  near  Wannpitei  sta- 
tion. Dr.  Walker  was  the  first  to  recognize  that  the  '  mieropegma- 
tiUy  classed  on  previous  geological  maps  as  belonging  to  the  Lauren- 
tian, which  it  resembles,  is  really  a  differentiation  phase  of  the  pre- 
vailing norite.  The  later  dikes  of  olivine  diabase  are  also  described 
in  considerable  detail.  The  whole  publication  may  be  characterized, 
in  brief,  as  the  most  complete  statement  in  regard  to  the  geology  and 
petrography  of  the  district,  which  had  yet  appeared. 

In  1900,  J.  Watson  Bain  prepared  '  A  Sketch  of  the  Nickel  Indus- 
try,' which  treats  of  the  source  and  production  of  nickel  ores,  the 
metallurgy  of  both  the  New  Caledonia  and  Sudbury  products,  con- 


(II  Can.  Mln.  Review,  February.  1894. 

(2)  Mln.  Industry.  Vol.  IV..  1895,  pp.  755-766. 

(3)  Quart.  Jour.  Geol.  Soc.  Lon..  Vol.  LVIII.,  (1897).  pp.  40-66. 
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eluding  with  a  brief  statement  of  the  composition  and  uses  of 
nickel.  C1) 

In  1901,  Dr.  A.  P.  Coleman  gives  certain  petrographical  details  of 
the  nickel  bearing  eruptive  and  the  associated  greenstones,  with 
special  reference  to  occurrences  of  these  rocks  between  the  Stobie  and 
Nickel  Mountain  mines.  He  also  furnishes  an  account  of  the  minera- 
logical  composition  and  character,  as  revealed  by  the  microscope,  of 
some  of  the  sedimentary  rocks  classified  as  Iluronian  in  this  dis- 
trict^) 

In  1901,  (3)  and  again  in  1902,  (4)  the  writer  gives  certain  pre- 
liminary information  in  regard  to  the  geology  and  petrography  of 
the  Sudbury  district. 

In  the  summer  of  1902,  Profs.  Victor  Goldschmidt  and  William 
Nicol  prepared  a  very  complete  statement  of  the  crystallography  of 
sperrylite,  the  material  being  obtained  from  the  original  locality  at 
the  Vermilion  mine.(5) 

In  1902,  C.  W.  Dickson,  (1851  Exhibition  Scholar  from  Queen'* 
University,  Kingston,  and  doing  post-graduate  work  at  the  School  of 
Hines,  Columbia  University,  New  York)  succeeded  in  separating 
sperrylite  from  the  unaltered  chalcopyrite  obtained  at  the  Victoria 
mines,  and  thus  proved  definitely  that  the  platinum  was  associated 
with  the  copper  sulphide.  (c)  This  is  in  agreement  with  the  results 
obtained  by  Walker,  some  years  previously,  to  which  reference  has 
already  been  made,  and  also  accords  with  the  views  of  Prof.  Vogt, 
from  analyses  of  the  various  ores  from  the  Norwegian  nickeliferous 
pyrrhotite  deposits. (7) 

At  the  meeting  of  the  American  Institute  of  Mining  Engineers, 
held  in  Albany  in  February,  1903,  Mr.  Chas.  W.  Dickson,  to  whom 
reference  has  already  been  made,  submitted  a  paper  entitled  '  The 
Ore  Deposits  of  Sudbury,  Ontario.'  The  information  thus  published 
was  also  presented  in  the  form  of  a  thesis,  to  obtain  the  degree  of  Ph. 
D.  at  Columbia  University,  New  York  city,  (s) 

This  publication  marks  a  decidedly  new  departure,  not  only  in  the 
methods  of  research  adopted,  but  also  in  the  results  sought  to  be 
obtained,  and  if  the  conclusions  reached  seem  new  and  startling,  and 


(1)  Ann.  Rep.  Bur.  of  Mines.  Ont.,  1900,  pp.  213-224. 

(2)  Ann.  Rep.  Bur.  of  Mines.  Ont..  11*01 .  pp.  20(5-203. 

(3)  Sum.  Rep.  Geol.  Surv.  Can.,  1901,  pp.  141-145. 

(4)  Sum.  Rep.  Geol.  Surv.  Can.,  1902.  pp.  252-267. 

(5)  Amer.  Jour.  Sc.,  Vol.  XV.,  1903.  pp.  460-458. 

(6)  Amer.  Jour.  Sc..  Vol.  XV.,  1903.  pp.  137-139. 

(7)  Zcit  filr  Prak.  Geol.,  Aug.,  1903.  pp.  268-260. 

<8>  Trans.  Am.  Inst.  Min.  Eng.  (Albany  Meeting)  February,  1903,  65  pp. 
41S7— 21 
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at  variance  with  many  of  the  preconceived  notions  entertained  in 
regard  to  the  composition  and  origin  of  these  ore  bodies,  the  author 
must  be  given  the  credit  for  having  weighed  all  the  evidence  and 
exhausted  every  means  to  prove  the  validity  of  his  conclusions. 

Mr.  Dickson  mentions  that  one  of  the  purposes  of  his  investigation 
has  been  to  ascertain  whether  the  nickel  and  cobalt  replace  the  iron 
isomorphously  in  the  Sudbury  pyrrhotite.  Another  purpose  has  been 
to  try  to  find  a  definite  formula  for  the  sulphide  of  this  district,  with 
the  idea  of  comparing  it  with  similar  minerals  from  other  localities. 
The  thesis  is  divided  into  two  main  portions,  as  follows: — I.  The 
relation  of  nickel  to  pyrrhotite,  and  II.  Genesis  of  the  Sudbury  ores. 

The  former  of  these  two  parts  of  Mr.  Dickson's  paper  deals,  in  the 
first  place,  with  a  general  statement  of  the  Sudbury  nickel  region. 
This  is  followed  by  a  summary  of  the  composition  and  origin  of 
pyrrhotite,  to  which  is  added  a  table,  showing  the  percentage  of 
nickel  and  cobalt  in  this  mineral.  Then  succeeds  a  brief  description 
of  the  Sudbury  pyrrhotites,  with  tables  indicating  the  percentage  of 
nickel,  cobalt  and  copper,  not  only  in  the  ore  of  the  principal  mines, 
but  also  the  average  composition  of  some  of  the  resulting  mattes. 

Mr.  Dickson  then  discusses  the  methods  pursued,  and  the  results 
of  his  investigation  into  the  magnetic  separation  of  the  pyrrhotite, 
and  as  a  result  of  these  experiments  he  concludes  that  all  of  the 
nickel,  in  the  Sudbury  ores  at  least,  occurs  as  a  separate  mineral,  and 
that  in  this  district  there  does  not  exist  a  true  nickelifcrous  pyrrho- 
tite, in  the  sense  that  the  nickel  isomorphously  replaces  part  of  the 
iron  in  that  minoral.  In  the  second  part  of  the  paper  he  adduces 
strong  evidence  in  support  of  his  opinion  that  all  of  the  Sudbury  ore 
deposits  are  of  essentially  and  predominantly  secondary  origin.  The 
evidence  adduced  is  derived  not  only  from  a  study  of  the  larger  field 
occurrences  of  the  deposits  and  associated  rocks,  but  also  finds  abun- 
dant support  in  the  relations  between  the  ores  and  rock  minerals,  aa 
seen  under  the  microscope. 

A  comparison  is  made  of  these  Sudbury  deposits  with  those  of 
Bossland,  B.C.,  and  Ducktown,  Tenn.,  which  are  stated  to  show  many 
remarkable  and  essential  points  of  similarity,  and  concerning  whose 
secondary  origin  there  can  be  no  doubt. 

In  1903,  Dr.  A.  P.  Coleman  published  his  account  of  '  The  Sud- 
bury Nickel  Deposits,'  0)  giving  the  results  of  the  field  operations 
undertaken  at  the  instance  of  the  Bureau  of  Mines  of  Ontario,  in  the 
summer  of  1902.  This  is,  doubtless,  the  most  comprehensive  and 
satisfactory  description  of  these  deposits  which  has  yet  appeared. 


(1)  Ann.  Rep.  Bur.  of  Mines.  Ont..  1903,  pp.  235-290. 
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The  work  is  copiously  illustrated  with  photographs  of  the  different 
mines  and  buildings,  together  with  several  small  maps  showing  the 
progress  of  the  surface  work,  and  the  disposition  of  the  various  open- 
ings and  mining  buildings.  It  is  also  accompanied  by  two  coloured 
geological  maps,  representative  of  the  area  in  the  vicinity  of  Copper 
Cliff  and  Stobie  mines.  It  is  not  considered  necessary  in  this  con- 
nexion to  summarize  the  results  of  this  work,  as  the  publication  is 
of  such  recent  date,  and  readily  available  to  any  one  who  desires  to  take 
advantage  of  this  information;  and  no  one  interested  in  the  geolo- 
gical and  petrographical  problems  involved  should  be  without  it.  In 
1903,  Dr.  Coleman  continued  this  work,  directing  his  attention  to  the 
mapping  out  in  detail  of  the  outline  of  the  Northern  nickel  range,  in 
order  to  determine  its  connexion  or  otherwise  with  the  Southern  or 
Main  range. 

It  is  proposed,  that,  during  the  coming  season,  Dr.  Coleman  will 
again  continue  this  work,  with  the  intention  of  ultimately  publish- 
ing a  monograph,  which  will  contain,  in  succinct  form,  all  essential 
information  in  regard  to  these  deposits  which  have  figured  so  largely 
in  the  mining  industrial  development  of  Canada. 


History  of  Development. 

The  presence  of  large  deposits  of  nickel  and  copper  in  the  vicin- 
ity of  the  town  of  Sudbury,  and  close  to  the  boundary  between  the 
Districts  of  Algoma  and  Nipissing,  in  Northern  Ontario,  has,  for 
many  years,  attracted  world-wide  attention,  in  the  first  place  on 
account  of  their  immense  and  apparently  inexhaustible  character,  but 
latterly  because  of  the  much  more  extended  use  of  nickel,  especially 
as  an  alloy  with  steel,  to  improve  the  qualities  of  the  latter.  The 
recent  agitation  for  the  imposition  of  an  export  duty  on  nickel  ore 
and  matte  has,  at  least,  resulted  in  drawing  public  attention  to  the 
fact  that  Canada  has,  for  some  time  past,  been  one  of  the  two  great 
sources  of  nickel  in  the  world,  and  at  the  present  day  produces  more 
than  half  of  the  world's  consumption  of  this  metal.  The  history  of 
the  development  of  nickel  mining  in  this  region  is  inseparably  bound 
up  with  that  of  copper,  for  the  two  minerals  are  always  present  in 
such  intimate  association  with  one  another,  that,  in  abstracting  their 
metallic  contents,  they  are  subjected  to  the  same  metallurgical  pro- 
cesses. 

The  existence  of  workable  deposits  of  copper  in  this  reigon  was  a 
fact  that  had  long  been  known,  and  as  far  back  as  1770  a  company 
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had  been  formed  and  attempts  mado  to  mine  this  metal,  but  the  diffi- 
culty of  procuring  and  maintaining  miners,  at  so  great  a  distance 
from  any  centre  of  civilization,  the  remoteness  of  any  market  for  the 
ore,  as  well  as  the  absence  of  facilities  for  transportation,  were  in 
themselves  amply  sufficient  causes,  if  none  other  existed,  to  render 
these  first  attempts  abortive.  However,  in  1846,  owing  to  the  activity 
in  prospecting  and  locating  mineral  lands  on  the  southern  shore  of 
Lake  Superior,  and  a  favourable  report  by  Mr.  W.  E.  Logan,  then 
newly  appointed  Provincial  Geologist,  some  enterprising  Canadians 
banded  themselves  together  into  two  associations  called  '  The  Mont- 
real Mining  Company,'  and  '  The  Upper  Canada  Alining  Company.' 
The  former  company  purchased,  amongst  others,  what  was  then 
known  as  '  The  Bruce  Mines  location/  and,  on  account  of  the  appa- 
rent richness  of  the  deposit,  decided  to  commence  active  work  at  this- 
locality,  while  the  Upper  Canada  Company  proceeded  to  develop  and 
work  what  was  known  as  the  *  Wallace  mine,'  near  the  mouth  of  the 
Whitefish  river,  on  Lake  Huron.  The  Wallace  mine  was  the  choice 
of  a  number  of  locations,  owned  by  the  same  company,  on  the  north 
shore  of  Lake  Huron,  and  was  selected  on  account  of  its  promising 
character  and  proximity  to  civilization.  It  is  chiefly  remarkable  as 
having  been  the  first  place  in  Canada  in  which  the  presence  of  nickel 
was  detected.    After  sinking  a  shaft  to  the  depth  of  between  60  and 

00  feet,  and  the  opening  up  of  a  few  pits  to  test  the  size  of  the 
deposit,  all  work  was  abandoned  and  has  not  been  resumed  since,  as 
the  quantity  of  ore  encountered  in  these  operations  did  not  seem  to 
warrant  any  further  expenditure. 

In  his  report  for  lS5fi,  Mr.  Alex  Murray  (l)  thus  refers  to  certain 
outcrops  of  sulphide  bearing  rocks  which  were  long  aftorwards  shown 
to  be  the  southwestern  extension  of  the  now  famous  Creighton  Nickel 
mine.  '  At  the  fifth  mile  a  dingy  green  magnetic  trap,  with  a  large 
amount  uf  iron  pyrites,  forms  a  ridge,  and  that  rock  with  syenite  con- 
tinues in  a  succession  of  ridges  to  the  seventh  mile,  beyond  which  the 
country  becomes  low  and  marshy.    Previous  to  my  visit  to  Whitefish 

1  ike  1  had  1  eon  informed  by  Mr.  Salter  that  local  attraction  of  the 
magnet  had  been  observed  by  himself,  while  lie  was  engaged  in  run- 
ning the  meridian  line,  and  he  expressed  it  to  be  his  opinion  that  the 
presence  of  a  large  body  of  iron  ore  was  the  immediate  cause.  When, 
therefore,  I  came  to  the  part  indicated  by  Mr.  Salter  I  made  a  very 
careful  examination,  not  only  in  the  direction  of  the  meridian  line, 
but  for  a  considerable  distance  on  each  side  of  it,  and  the  result  of 
my  examination  was  that  the  local  attraction,  which  I  found  exactly 


(1)  Rep.  Gcol.  Surv.  Can..  1853-56,  pp.  180-181. 
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as  described  by  Mr.  Salter,  was  owing  to  the  presence  of  an  immense 
mass  of  magnetic  trap. 

'  The  compass  was  found,  while  traversing  these  trap  ridges,  to  be 
deflected  from  its  true  bearing  upwards  of  ten  degrees  at  several 
parts,  and  in  one  place  it  showed  a  variation  of  fifteen  degrees  west 
of  the  true  meridian,  or  about  twelve  degrees  from  the  true  magnetic 
north.  Specimens  of  this  trap  have  been  given  to  Mr.  Hunt  for  ana- 
lysis, and  the  result  of  his  investigations  shows  that  it  contains  mag- 
netic iron  ore  and  magnetic  iron  pyrites,  generally  disseminated 
through  the  rock,  the  former  in  very  small  grains;  titaniferous  iron 
was  found  in  association  with  the  magnetic  ore,  and  a  small  quantity 
of  nickel  and  copper  with  the  pyrites.  It  was  remarked  that,  notwith- 
standing the  powerful  influence  of  this  magnetic  mass  in  causing  a 
general  local  attraction,  the  contact  of  fragments  of  it  with  the  com- 
pass, although  producing  a  slight  effect,  rarely  occasioned  any  re- 
markable agitation  of  the  needle.' 

The  line  referred  to  in  the  above  description  was  what  was  once 
known  as  '  Salter's  Meridian  line,'  and  the  exact  position  of  these 
outcrops  of  mineralized  '  trap/  on  the  line,  is  in  the  first  concession, 
on  the  boundary  between  Snider  and  Creighton  townships.  It  can 
thus  be  seen,  that  even  at  this  early  period  of  its  history  the  officers 
of  the  Geological  Survey  were  aware  of  the  existence  of  nickel  in  this 
region,  and  had  pointed  out  the  probability  that  workable  deposits 
would  be  found.  C1) 

Years  passed  by,  and  the  inaccessible  nature  of  the  country  de- 
terred prospectors  from  making  any  very  detailed  exploration  or 
examination,  so  that  it  was  not  until  1883,  when  the  Canadian  Pacific 
railway  wns  in  course  of  construction,  that  the  first  discoveries  of 
any  consequence  were  made,  since  which  time  the  whole  belt  charac- 
terized by  the  presence  of  the  Iluronian  rocks  in  the  Sudbury  district 
has  been  overrun  with  eager  prospectors  and  miners. 

A  not  infrequent  accident  in  newly  settled  districts  led  to  the  first 
important  discovery.  Judge  McNaughton,  late  Stipendiary  Magis- 
trate at  Sudbury,  had  been  lost  in  the  woods  to  the  west  of  the  town, 
and  a  diligent  search  was  at  once  instituted  for  him.  A  party  con- 
sisting of  Dr.  Howey  and  two  othors  found  the  judge  seated  on  the 
small  eminence  which  then  marked  the  site  of  what  is  now  known  as 
the  Murray  mine.  Dr.  llowey's  natural  curiosity  and  geological  turn 
of  mind  are  well  known  to  all  his  friends,  and  it  is  not  surprising, 
therefore,  that  having  overcome  his  anxiety  on  the  Judge's  account, 
ho  should  turn  his  attention  to  the  neighbouring  rocks.  Looking 


(1)  Rep.  Geo.  Sur.  Cao.,  1848-49,  p.  63. 
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down  at  the  knoll  which  had  served  as  a  resting  place  for  the  tired 
wanderer,  he  noticed  that  the  rock  composing  it  contained  abundant 
impregnations  ofr  what  appeared  to  be  a  valuable  ore  of  copper.  More 
critical  examination  still  convinced  him  that  he  had  discovered  a 
mine,  and  hastily  securing  some  representative  samples  he  exhibited 
them  to  Drs.  Girdwood  and  Selwyn,  who  happened  to  be  in  the  neigh- 
bourhood, and  either  of  whom  he  considered  fully  competent  to  pro- 
nounce with  authority  as  to  the  economic  value  or  possibilities  of  his 
find.  Dr.  Girdwood,  it  may  be  remarked,  was,  at  the  time,  one  of  the 
chief  medical  advisers  of  the  Canadian  Pacific  railway,  and  a  well 
known  authority  on  chemistry  and  mineralogy.  Dr.  Selwyn,  then 
Director  of  the  Geological  Survey,  accompanied  Dr.  Girdwood,  in 
order  to  obtain  the  necessary  transportation  facilities,  enabling  him 
to  make  a  geological  reconnaissance  of  the  area  in  the  vicinity  of  the 
railway.  To  Dr.  Howey's  surprise  they  informed  him  that  the  pyr- 
rhotite  which  formed  such  a  large  proportion  of  his  samples  was 
practically  valueless,  that  the  only  metal  of  importance  which  might 
be  present  in  such  a  mineral  was  nickel,  and  that  past  experience 
with  similar  ores  in  Canada  and  elsewhere  had  taught  them  that  this 
was  always  present  in  such  small  amount  as  not  to  permit  of  its  pro- 
fitable extraction.  Turning  their  attention  to  the  chalcopyrite,  which 
whs  also  represented  in  his  samples,  both  these  gentlemen  agreed 
that  although  it  was  a  valuable  ore  of  copper  the  mineral  was  not 
present  in  sufficient  quantity  to  pay  for  working.  Thoroughly  con- 
vinced of  the  soundness  of  their  advice,  but  disappointed  at  the  unex- 
pected result,  Dr.  Ilowey  took  no  further  action  in  the  matter,  ridi- 
culing in  a  quiet  way  the  earnest  and  persistent  efforts  of  others  to 
interest  capital  in  the  immense  economic  possibilities  of  this  and 
similar  deposits  afterwards  found.  One  can  imagine  his  chagrin, 
therefore,  and  sympathize  with  his  mortification,  when  subsequent 
development  demonstrated  that  both  these  gentlemen,  whose  scientific 
attainments  could  not  be  called  in  question,  had  been  rather  hasty  in 
their  judgment,  although  from  a  wide  experience  with  the  composi- 
tion of  pyrrhotites  in  general  they  had  been  right  in  thus  expressing 
their  opinion. 

Early  in  1884,  the  Canadian  Pacific  railway  made  a  cutting  for. 
their  main  line  through  this  small  hill  (Murray  mine),  about  3 J 
miles  northwest  of  Sudbury,  and  on  July  12th  of  the  same  year  Dr. 
Selwyn  made  a  careful  examination  of  the  location,  and  stated  to  the 
writer,  some  years  aiterwards,  that  he  had  pronounced  the  lode  to  be 
one  of  the  most  promising  he  had  yet  seen  in  Canada.  No  such  opin- 
ion, however,  was  ever  published,  although  it  is  quite  possible  that 
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the  greater  facility  of  examination  caused  by  the  cutting  for  the  rail- 
way, and  the  massiveness  of  the  deposit  thus  exposed,  reversed  his 
previous  judgment  of  the  ore  body  in  question.  (x) 

Other  discoveries  soon  followed,  and  the  McConnell,  Lady  Mac- 
donald,  Stobie,  Blezard,  Copper  Cliff  and  Evans  mines  were  all 
located.  At  first  the  wildest  notions  were  entertained  as  to  the 
extent  of  these  deposits,  and  the  most  exaggerated  reports  circulated 
as  to  their  value.  It  was  even  confidently  asserted  that  those  were 
immensely  important  discoveries,  and  would  revolutionize  the  whole 
copper  trade  and  render  other  mines  then  in  operation  quite  unre- 
munerative.  Rounded  hills  of  gossan,  indicating  the  presence  of  the 
more  solid  and  unaltered  ore  beneath,  occur  at  intervals  for  miles  in 
a  southwesterly  direction,  conforming  rudely  to  the  strike  of  the 
stratified  or  foliated  rocks  in  the  vicinity.  This  circumstance  is  all 
that  seems  to  have  justified  the  early  discoverers  in  describing  the 
deposits  as  veritable  mountains  of  solid  ore,  many  miles  in  extent 
and  hundreds  of  feet  thick.  During  the  interval  which  has  elapsed 
since  the  first  discovery  was  made  prospectors  have  not  been  idle,  and 
their  efforts  have  been  rewarded  by  the  location  of  three  large  belts  or 
masses  of  the  sulphide  bearing  norite.  Until  lately  these  have  been 
considered  as  entirely  separate  and  distinct  from  one  another,  but 
the  later  geological  work  is  tending  to  prove  their  connexion  as  one 
continuous  ellipsoidal  band,  the  central  portion  of  which  is  now  occu- 
pied by  tufaceous  slates  and  sandstones,  coloured  provisionally  as  of 
Cambrian  age. 

The  history  of  the  development  of  mining  in  the  Sudbury  district 
is,  in  the  main,  that  of  the  Canadian  Copper  Company,  for  it  was  tho 
first  combination  of  capital  which  seriously  undertook  the  business  of 
mining  in  this  area,  while,  at  the  same  time,  having  the  distinction 
of  being  the  only  corporation  which  has  continued  its  operations 
without  serious  interruption,  from  the  commencement  until  the  pre- 
sent time. 


1.  A  specimen  collected  at  the  time  by  Dr.  Selwyn  from  the  cutting  on  the 
railway  at  the  Murray  mine  was  examined  by  Dr.  Hoffmann  who  says  'It 
consisted  of  magnetic- pyrites  and  copper-pyrites.  In  association  with  a  dark 
grey  fine-grained  diorite  and  a  greyish  green  chlorltlc  schist;  a  few  of  the 
fragments  were.  In  parts,  coated  with  hvdratod  peroxide  of  iron.  Some  spe- 
cimens of  the  magnetic-pyrites  from  this  deposit  contained  numerous  flakes 
of  molybdenite.    It  was  found  to  contain  after  drying  at  100°  C.  (Hygros- 
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(Ann.  Rep.  Geol.  Sunr.  Can„  Vol.  I.,  1885,  Part  M.  pp.  19-21.) 
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The  McAllister  mine,  later  called  the  Lady  Macdonald  mine,  (now 
No.  4  mine  of  the  Canadian  Copper  Company  group),  situated  on 
the  north  side  of  the  lake  of  the  same  name,  on  lot  I,  con.  Ill,  of  the 
township  of  Snider,  was  the  first  property  on  which  any  work  was 
done  in  the  summer  of  1885,  although  later  in  the  fall  the  Evans 
mine,  ahout  two  and  a  half  miles  farther  south  in  the  same  township, 
was  opened  and  some  preliminary  tests  made  On  January  5,  1886, 
the  Canadian  Copper  Company  was  formed,  with  a  subscribed  and 
paid-up  capital  of  $2,000,000,  which  was  afterwards  increased  to 
$2,500,000,  to  operate  the  Copper  Cliff,  Stobie  and  Evans  mines. 

On  May  1st,  1886,  work  was  started  in  earnest  at  the  Copper  Cliff 
mine,  near  the  north  end  of  lot  12,  con.  II,  of  McKim  township,  and 
the  first  shipments  of  ore  made  from  the  district  were  obtained  from 
the  surface  openings  of  the  original  Copper  Cliff  mine.  Later  on  in 
the  same  year  both  the  Stobie  and  Evans  mines  were  opened  up,  and 
these  three  mines  together  produced  all  the  ore  treated  in  the  smelters 
at  Copper  Cliff,  until  the  year  1898.  The  first  blast  furnace  installed 
at  the  old  or  East  Smelter  was  blown  in  on  December  24,  1888,  this 
being  augmented  under  the  same  roof  by  a  second  blast  furnace, 
which  was  started  on  September  4,  1889.  During  1896  and  1897 
diamond  drill  exploratory  work  was  undertaken  in  connexion  with 
the  deposits  afterwards  known  as  the  No.  1  and  No.  2  mines  with 
their  extensions,  and  in  1898  many  of  these  openings  produced  a  con- 
siderable quantity  of  high  grade  ore,  but,  with  the  exception  of  the 
deposit  at  No.  2,  there  was  apparently  no  very  large  or  continuous 
body  encountered,  for  they  were  soon  abandoned  and  are  now 
completely  dismantled.  About  the  same  time  what  is  now  the  largest 
open  pit  of  the  whole  group  of  the  Copper  Cliff  mines  (No.  2)  was 
started  in  earnest,  soon  supplying  a  very  large  quantity  of  ore,  which, 
however,  contains  a  considerable  admixture  of  rocky  matter.  The 
Evans  mine,  although  with  some  rather  serious  interruptions,  con- 
tinued to  furnish  ore  until  late  in  the  fall  of  1899,  when  it  closed 
down,  and  to  all  appearances  has  been  permanently  abandoned.  The 
engines,  boilers  and  other  maehinery  have  been  removed,  and  the 
rails  of  the  spur  connecting  the  mines  with  the  main  line  of  railway 
have  all  been  torn  up  and  carried  off  to  be  used  elsewhere.  In  the 
fall  of  1899  preparations  were  made  for  opening  up  the  Frood  mine 
(No.  3),  situated  a  little  over  a  mile  southwest  of  the  Stobie  mine,  on 
lot  G,  eon.  VI,  of  the  township  of  McKim,  and  early  in  1900  this 
was  added  to  the  list  of  producing  mines.  During  1899,  and  succeed- 
ing seasons,  many  of  the  openings  northwest  of  No.  2  mine,  as  well 
as  some  of  the  pits  and  shafts  known  as  the  Clarubelle  group  of 
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mines,  were  being  operated  at  one  time  or  another,  and  added  mate- 
rially to  the  reserves  of  ore,  but  all  of  these  were  shut  down  in  the 
spring  of  1902,  when  the  business  of  the  company  was  being  curtailed, 
pending  reorganization  and  consolidation  of  the  various  interests.  In 
July,  1900,  the  work  of  stripping  at  the  Creighton  mine  was  begun, 
and  in  August  of  the  following  year  ore  was  shipped  for  the  first 
time  to  the  roast  yards  at  Copper  Cliff.  The  Creighton  mine  is  un- 
doubtedly the  largest  mine  in  the  district  of  which  we  at  present 
have  knowledge,  and  from  the  very  beginning  of  operations  has  pro- 
duced very  large  quantities  of  the  almost  pure  sulphides,  with  little 
or  no  rocky  admixture.  It  is  especially  valuable  as  carrying  a  high 
percentage  of  nickel,  with  a  very  much  smaller  proportion  of  copper. 
'Hie  mine  is  situated  on  the  north  half  of  lot  10,  concession  I,  of  the 
township  of  Snider,  about  six  miles  in  a  straight  line  west  of  Copper 
Cliff  station.  The  ore,  when  mined,  is  carried  on  cars  over  the  Mani- 
tnulin  and  North  Shore  railway,  on  tho  north  side  of  which  the 
mine  is  located,  to  Clarabclle  junction,  where  connexion  is  made  with 
the  railway  owned  by  the  Canadian  Copper  Company.  Before  the 
opening  of  the  Creighton  mine  the  Stobic  had  the  distinction  of 
having  supplied  the  largest  quantity  of  ore  of  all  the  Canadian  Cop- 
per Company's  mines,  and,  with  the  exception  of  some  minor  stop- 
pages, this  mine  was  in  continuous  operation  from  the  date  of  its 
opening,  in  1886,  until  November,  1901,  when  it  closed  down  and  has 
remained  so  ever  since.  The  reason  for  this  cessation  of  operations 
does  not  appear  to  be  that  the  end  of  the  deposit  has  been  reached, 
but  because  the  quality  of  ore  which  it  supplies  is  not  needed  in  the 
present  smelting  operations.  The  Creighton  mine  is  at  present  the 
main  source  of  supply,  and  this  mine  with  its  equipment  allows  for  a 
production  of  between  500  and  000  tons  of  ore  per  day,  and  Dr.  Cole- 
man is  authority  for  thc*statcment  that  for  some  time  in  1902  tho 
output  from  this  mine  alone  reached  17,000  tons  ier  month.  The 
old  or  original  Copper  Cliff  still  continues  to  supply  about  1,000  tons 
of  ore  per  month,  obtained  mainly  from  the  13th  and  14th  levels,  the 
latter  workings  being  1,052  feet  below  the  surface;  but  even  at  this 
depth  the  ore  body  shows  no  serious  diminution,  either  in  size  or 
richness.  No.  2  mine  and  the  Frood  (No.  3)  complete  the  list  ot 
mines  from  which  at  present  the  supply  of  ore  is  drawn.  The  mines 
of  this  company  not  in  use  at  present  must  not  all  be  considered  as 
having  been  permanently  abandoned,  but  the  openings  now  utilized 
produce  an  ample  supply  of  the  sulphide  material  of  the  various 
grades  suitable»for  smelting. 

This  activity  in  mining  at  Copper  Cliff,  and  the  steady  increase 
in  the  production  of  ore,  necessitated  const  nut  additions  to  the  smelt- 
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ing  equipment,  as  well  as  the  erection  of  new  and  suitable  buildings 
for  the  accommodation  of  the  new  blast  furnaces.  We  thus  find,  that 
besides  the  enlargement  of  the  old  or  East  Smelter,  where  three  new 
furnaces  were  installed  in  addition  to  the  two  already  mentioned,  an 
entirely  new  structure,  known  as  the  West  Smelter,  was  built  in  1899. 
At  first  this  building  had  room  for  only  four  furnaces,  but  this  was 
quickly  enlarged,  and  the  furnace  capacity  doubled.  The  site  chosen 
for  this  new  building  was  on  the  slope  of  the  hill  about  300  feet 
southeast  of  the  No.  2  mine  rock  house,  the  deep  valley  to  the  south 
providing  a  convenient  and  ample  dumping  ground  for  the  slag. 

After  the  inauguration  of  this  smelter  the  one  at  the  east  end  of 
the  works  was  gradually  abandoned,  and  the  whole  plant  has  been 
removed  to  the  site  of  the  new  building.  The  work  done  at  this 
place,  since  the  suspension  of  operations  in  the  beginning  of  1902, 
has  been  rather  spasmodic,  and  has  consisted  mainly  in  the  produc- 
tion of  a  low  grade  matte  known  as  '  split  matte/ 

Thus,  several  of  the  furnaces  at  this  smelter  were  being  employed 
in  producing  this  matte  from  June,  1902,  until  the  end  of  the  year. 
In  addition  two  of  the  furnaces  have  been  engaged  from  time  to 
time  making  experiments  in  the  way  of  smelting  the  ore  pyritically. 
It  is  hoped,  by  this  method,  to  reduce  the  coke  to  3  or  4  per  cent  of 
the  charge,  by  using  a  hot  blast  and  an  oxidizing  atmosphere  in  the 
blast  furnace,  and  utilizing  the  heat  developed  by  the  burning  of  the 
sulphur  and  iron  of  the  ore,  for  the  smelting.  In  the  fall  of  1900 
the  plant  of  the  Ontario  Smelting  Works  was  installed  by  the  Orford 
Copper  Company,  an  organization  closely  related  to  the  Canadian 
Copper  Company.  The  works,  as  completed,  are  designed  to  further 
refine  the  first  or  lower  grade  matte,  produced  by  the  blast  furnaces 
of  the  Canadian  Copper  Company,  using  as  a  flux  the  siliceous  ore 
from  the  Massey  Copper  mine.  • 

Perhaps,  the  most  important  event  in  the  development  of  the 
nickel  industry,  either  in  this  district  or  elsewhere,  occurred  in  April, 
1932,  when,  after  negotiation  covering  a  period  of  several  months, 
tlie  International  Nickel  Company  was  organized  under  the  laws  of 
the  State  of  New  Jersey,  to  consolidate  and  control  the  nickel  pro- 
duction of  the  world.  The  following  properties  were  included  in  the 
new  organization —The  Canadian  Copper  Company;  the  Orford 
Copper  Company,  with  reduction  works  at  Bayonne,  N.J. ;  the  Anglo- 
American  Iron  Company,  and  the  Vermilion  Mining  Company,  in 
Canada;  the  American  Nickel  Works,  in  Camden,  N.J. ;  the  Nickel 
Corporation,  Limited,  and  the  Society  Miniere  Caledonienne,  in  New 
Caledonia.  During  1902  and  1903  mining  operations  were  consider- 
ably curtailed,  except  in  the  case  of  the  Creighton  mine,  where  the 


Digitized  by  Google 


HISTORY  OF  DEVELOPMENT 


29 


production  has  been  brisk  ever  since  it  was  first  opened.  This  has 
permitted  certain  very  necessary  explorations  of  many  of  the  ore 
deposits,  by  diamond  drilling  and  testing  shafts.  The  results  of  these 
experiments  have  added  very  largely  to  the  detailed  knowledge,  not 
only  in  regard  to  the  size  and  shape  of  the  deposits  already  known, 
but  has  succeeded  in  revealing  the  presence  of  considerable  bodies  of 
ore  whose  presence  had  not  been  suspected. 

Such,  in  brief,  is  the  record  of  the  principal  events  in  the  develop- 
ment of  the  mining  and  metallurgical  operations  of  this  pioneer  com- 
pany, in  the  nickel  industry  in  Canada.  From  the  start  their  work 
has  always  been  characterized  by  energetic  and  business-like  methods, 
and  if  at  the  present  time  they  seem  to  have  gained  control  of  more 
than  their  fair  share  of  the  available  nickel  bearing  area,  which  like- 
wise includes  many  of  the  mines  producing  the  largest  supplies  of 
high  grade  nickel  ore,  the  result  must  not  be  attributed  to  chance  or 
a  series  of  fortunate  circumstances,  but  is  rather  the  strongest  evi- 
dence of  the  keen  business  foresight  of  the  originators  of  the  enter- 
prise, and  an  abiding  faith  in  the  permanenco  of  the  nickel  mining 
in  this  district. 

It  must  not,  however,  be  assumed  that  all  of  the  available  or  even 
important  deposits  of  nickel-copper  sulphides  have  passed  under  the 
control  of  the  International  Nickel  Company,  for  besides  the  Victoria 
mines  of  the  i>tond  Nickel  Company,  which  still  contain  a  very  large 
reserve  of  high  grade  ore,  there  are  many  others  throughout  the  dis- 
trict which  are  capable  of  economic  development  as  more  or  less  per- 
manent mines.  Suspension  of  operations,  so  often  recorded  in  the 
history  of  the  mining  development  of  the  district,  does  not  in  all  or 
even  a  majority  of  cases  imply  a  failure  in  the  ore  supply,  but  is 
oftener  to  be  attributed  to  a  waste  of  capital,  owing  to  lack  of  busi- 
ness judgment,  and  the  need  of  a  technical  knowledge  of  the  difficul- 
ties to  be  encountered  in  both  the  mining  and  smelting  departments. 
Moreover,  many  of  the  deposits  have  been  condemned  because  they 
failed  to  give  a  proper  return  for  the  capital  invested,  when  all  that 
wns  available  of  the  latter  was  utilized  in  costly  experiments  to  dis- 
cover new  methods  of  smelting  or  refining.  Past  experience  in  this 
district  has  shown  that  success  and  permanency  in  the  mining  and 
smelting  operations  of  any  company  can  only  be  secured  by  the  pos- 
session of  large  reserves  of  ore,  preferably  obtained  from  different 
mines  or  deposits.  In  this  way  not  only  is  a  constant  supply  of  ore 
assured,  but  diversity  in  composition  is  possible,  thus  enabling  a 
judicious  selection  of  the  different  grades,  whose  mixture  in  the  pro- 
per proportions  promotes  successful  and  economic  smelting. 

In  addition  to  the  deposits  which  are  still  available  along  the 
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Southern  range,  most  of  which  are  in  various  stages  of  development, 
there  are  other  apparently  very  large  and  important  ore  bodies  situ- 
ated along  the  Middle  range  (in  Levack  township) ;  and  others  again 
on  the  Northern  Nickel  range  which  are  certainly  worthy  of  close 
attention  and  which  seem  destined,  in  the  near  future,  to  be  worked 
as  mines.  The  lack  of  transportation  facilities  has,  up  to  the  present, 
prevented  any  deep  mining  work  being  done,  but  the  surface  indica- 
tions and  geological  conditions  are  entirely  favourable  to  the  exist- 
ence of  large  ore  bodies,  which,  although  perhaps  not  attaining  the 
phenomenal  dimensions  of  the  Creighton  property,  will  nevertheless 
prove  of  sufficient  magnitude  to  form  valuable  mines. 

Henry  H.  Vivian  &  Co. 

The  incidents  attending  the  discovery  of  the  deposit  which  was 
afterwards  known  as  the  Murray  mine  have  already  been  related,  as 
also  the  fact  that  it  was  located  over  a  year  previous  to  either  the 
Copper  Cliff  or  Stobie  mines.  In  spite  of  this  circumstance,  how- 
ever, and  its  advantageous  situation  on  the  main  line  of  the  Cana- 
dian Pacific  railway  ,no  mining  of  any  importance  was  done  in  con- 
nexion with  this  property  until  early  in  the  year  1889.  During  the 
whole  of  this  season,  however,  it  was  prospected  under  bond  by  H. 
II.  Vivian  &  Co.,  of  Swansea,  Wales,  and  in  October  of  the  same 
year  it  was  sold  outright  to  this  company  by  the  original  owners. 
The  mine  is  situated  on  the  north  half  of  lot  11,  con.  V,  of  McKim 
township.  All  the  necessary  machinery,  buildings  and  other  adjuncts 
wore  installed,  and  preparations  made  for  carrying  on  the  business 
of  mining  on  an  extensive  scale. 

The  first  blast  furnnce  at  the  Murray  mine  was  blown  in  about 
the  end  of  September,  1S90,  and  put  to  work  on  some  ore  which  had 
been  previously  roasted.  The  general  practice  followed  by  this  com- 
pany in  their  smelting  operations  consisted  in  the  production  of  a 
comparatively  low  grade  blast  furnace  matte  (averaging  9  4  per  cent 
nickel  and  4-7  per  cent  copper),  thus  preventing  an  undue  loss  of 
the  metals  in  the  slag,  and  subsequently  besscrmerizing  this  into  a 
second  or  higher  grade  matte  (averaging  nearly  75  per  cent  of  the 
combined  metals,  or  about  49  per  cent  nickel  and  26  per  cent  copper). 
For  this  second  concentration  of  the  metallic  contents  the  Vivians 
were  the  first  to  make  use  of  the  Manches  furnace  or  converter,  in 
1891.  Mining  and  smelting  operations  were  continued,  although  with 
some  minor  interruptions,  from  1889  until  1894,  when  the  works  were 
finally  closed  down.   Between  August,  1896,  and  January,  1897,  how- 
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ever,  the  smelter  was  engaged  in  producing  matte  from  about  6,000 
tons  of  ore  which  had  been  roasted  by  the  Vivians.   This  product  was^ 
shipped  to  Mr.  Joseph  Wharton,  of  Camden,  N.J.,  to  whom  it  had 
been  sold. 

The  purchase  of  the  Murray  mine  by  this  old  established  and  well 
known  firm  of  Welsh  smelters  was  regarded  by  all  as  marking  a  dis- 
tinct epoch  in  the  history  of  nickel  mining  in  Canada.    Their  wide 
exparienco  in  all  branches  of  metallurgical  industry  seemed  to  augur 
well  for  the  success,  not  only  of  theif  own  individual  enterprise,  but 
to  others  similarly  engaged  in  the  mining  and  smelting  of  these  nickel 
and  copper  sulphides.  The  difficulties  which  always  attend  the  initia- 
tion of  a  new  undertaking  were  in  evidence  from  the  very  beginning 
of  the  business  of  nickel  mining,  and  were  of  that  nature  which  re- 
quired the  exercise  of  just  such  ripe  technical  knowledge  as  the 
Vivians  were  sure  to  possess.    Moreover,  such  a  significant  acknow- 
ledgment of  the  success  and  permanence  of  nickel  mining  in  Canada, 
on  the  part  of  a  firm  whose  sphere  of  activity  in  mining  and  smelt- 
ing had  extended  to  all  parts  of  the  known  world,  could  not  fail  to 
have  a  most  marked  influence  on  all  subsequent  mining  operations  in 
the  district.   It  was,  therefore,  to  say  the  least,  bitterly  disappointing, 
that  from  the  very  outset  a  seeming  lack  of  energy,  and  often  even 
of  ordinary  business  ability,  on  the  part  of  those  who  had  control  of 
the  work,  was  a  subject  of  common  remark,  being  in  marked  contrast 
to  the  alert  methods  characterizing  the  operations  of  the  rival  cor- 
poration, the  Canadian  Copper  Company.  This  was  evident  in  almost 
every  department  of  the  work,  and  the  apparent  lack  of  technical 
knowledge  and  business  capacity  on  the  part  of  this  firm,  from  whom 
so  much  had  been  expected,  could  not  be  very  well  understood  by  the 
ordinary  observer.    On  the  other  hand,  the  management  entrusted 
with  the  conduct  of  affairs  at  the  mine  complained  of  want  of  inter- 
est and  attention  on  the  part  of  the  authorities  in  England,  but, 
whatever  the  real  cause,  or  combination  of  causes  .the  enterprise  was 
not  attended  with  the  success  anticipated,  and  which  Bhould  have 
been  reasonably  expected.   The  final  decision  of  the  company  to  close 
down  and  withdraw  from  the  business  of  mining  in  Canada,  came  as 
a  distinct  shock  to  all  those  who  were  interested  in  seeing  the  per- 
manency of  the  nickel  mining  established.   The  failure  of  these  oper- 
ations must  not,  therefore,  be  attributed,  as  some  have  supposed,  to 
the  diminution  in  depth  of  the  ore  body  or  to  abundant  rocky  admix- 
ture, although  these,  no  doubt,  contributed  to  a  certain  extent  to  bring 
about  the  undesirablo  result.    It  seems  altogether  reasonable  to  sup- 
pose that  a  considerable  quantity  of  ore  is  still  present,  both  in  the 
lower  levels  of  the  mine,  as  well  as  below  these  workings  at  depths 
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which  have  not  yet  been  reached  by  the  mining  explorations  so  far 
.  undertaken,  which  could  be  profitably  mined  in  conjunction  with 
other  deposits.  In  this  respect  the  Vivians  were  at  a  manifest  dis- 
advantage as  compared  with  the  Canadian  Copper  Company,  the 
varied  composition  and  character  of  the  ores  from  whose  different 
mines  permitted,  and  even  favoured,  the  mixtures  which  are  seem- 
ingly so  essential  for  the  successful  and  economical  smelting  of  these 
sulphide  ores.  In  addition  to  the  Murray  mine  the  Vivians  owned 
the  nickel  and  copper  deposit  lcnown  as  the  Lady  Violet  mine,  situ- 
ated on  the  north  half  of  lot  1,  con.  IV,  of  the  Township  of  Snider, 
about  1$  miles  southwest  of  the  Murray  mine.  The  mining,  how- 
ever, undertaken  at  this  locality  consisted  chiefly  of  stripping,  the 
sinking  of  trial  shafts,  and  other  preliminary  development  work.  A 
blacksmith's  shop  and  some  temporary  residences  were  the  only  build- 
ings erected. 

Some  rather  extensive  diamond  drill  exploration  work  was  subse- 
quently undertaken  by  order  of  the  Board  of  Directors  in  England, 
at  both  the  Murray  and  Lady  Violet  mines,  but,  unfortunately,  the 
different  sites  for  the  drill,  as  well  as  the  angles  of  inclination  and 
direction  of  the  bore  holes,  were  determined  by  some  of  these  same 
directors  in  England,  whose  only  means  of  guidance  in  this  section 
seems  to  have  been  maps  of  the  two  properties  in  question,  but  with- 
out any  very  extended  personal  knowledge  of  the  actual  geological 
conditions  prevailing  at  these  places.  As  might  have  been  expected, 
from  operations  carried  on  under  such  adverse  conditions,  no  impor- 
tant ore  bodies  were  encountered,  nor  was  any  information  of  mate- 
rial value  obtained,  which  might  be  of  assistance  either  to  the  owners 
or  to  any  prospective  buyer.  The  diamond  drill  used  belonged  to  the 
Ontario  government,  and  was  leased  to  the  Vivians  under  the  usual 
conditions  of  working  in  1898.  Boring  was  begun  on  the  2nd  of 
December,  1898,  and  the  work  continued  until  the  16th  of  June,  1899, 
the  number  of  days  of  actual  boring  being  212,  of  10  hours  each.  In 
all,  eight  holes  were  put  down,  having  an  aggregate  depth  of  1,146 
feet,  which  cost  on  an  average  $2.65  per  foot.  (*) 

Since  the  abandonment  of  actual  mining  the  property  has  been 
under  the  charge  of  Mr.  G.  H.  Behema,  who  has  been  continuously 
employed  looking  after  the  various  buildings  and  machinery,  while  a 
pump  has  kept  most  of  the  levels  comparatively  free  from  water. 

Dominion  Mineral  Company. 

The  Dominion  Mineral  Company  commenced  mining  operations 
in  the  summer  of  1899,  on  a  deposit  of  nickel  and  copper  ore  known 

(1)  Ann.  Rep.  Bur.  of  Minos.  Oat.,  1901,  pp.  63  and  55. 
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as  the  Blezard  mine,  occurring  on  lot  4,  con.  II.,  of  Blezard  town- 
ship, about  1J  miles  north  of  the  Stobie  mine,  at  the  southern  edge 
of  the  Main  or  Southern  range  of  norite,  which  here  comes  in  con- 
tact with  the  older  diorites  and  hornblende  schists.  A  smelter  was 
soon  built,  with  a  furnace  capacity  of  120  to  150  tons  daily.  Four 
shafts  were  sunk  at  this  mine,  the  deepest  of  which  seems  to  have 
reached  a  point  172  feet  below  the  surface.  Most  of  the  ore  secured, 
however,  was  by  means  of  a  series  of  large  open  pits  which  are  at 
present  filled  with  water.  The  '  kies '  or  metallic  portion  of  the  ore 
thus  obtained  is  said  to  have  averaged  about  4  per  cent  nickel  and  2 
per  cent  copper.  For  reasons  which  have  been  differently  stated  min- 
ing operations  were  discontinued  in  the  summer  of  1893,  and  have 
not  been  resumed  since.  The  smelter,  however,  at  this  mine,  was  kept 
running  until  July,  1895,  on  ore  brought  chiefly  from  the  Worthing- 
ton  mine.  The  total  production  of  ore  cannot  be  accurately  given, 
but  the  figure  of  100,000  tons  is  certainly  somewhat  below  the  actual 
output.  The  Worthington  mine,  also  worked  by  the  same  company, 
is  situated  at  a  station  of  the  same  name,  on  the  Sault  branch  of  the 
Canadian  Pacific  railway,  twenty-five  miles  west  of  Sudbury.  The 
mine  itself,  consisting  of  two  shafts,  lies  close  to  the  line  between 
lots  1  and  2,  con.  II,  of  the  township  of  Drury.  It  was  discovered 
at  the  time  of  the  construction  of  this  branch  .  by  Mr.  James  Worth- 
ington, one  of  the  railway  contractors.  Actual  mining  was  started 
on  this  property  in  the  summer  of  1890,  and  continued  without  much 
interruption  until  the  middle  of  September,  1894,  when  operations 
ceased,  and  with  the  exception  of  a  short  time  in  1902,  when  the 
mine  was  pumped  out  for  purposes  of  inspection,  no  work  of  any 
consequence  has  since  been  done.  From  the  two  shafts,  one  of  which 
reached  a  depth  of  100  feet,  and  the  other  175  feet  below  the  surface, 
as  well  as  from  two  adjoining  stopes  and  connecting  levels,  a  consid- 
erable amount  of  unusually  high  grade  ore  was  obtained,  which  has 
been  estimated  by  Dr.  Coleman  at  25,000  tons.  The  pyrrhotite  occur- 
ring at  this  mine  is  often  phenomenally  high  in  nickel,  chiefly  owing 
to  abundantly  disseminated  pentlandite,  and  the  first  recognition  of 
this  mineral  in  the  district  was  by  Dr.  T.  L.  Walker,  in  the  ore  pro- 
cured from  this  mine  by  the  writer  in  1891,  and  to  wThich  reference 
has  already  been  made.  The  analysis  of  this  pentlandite  by  Walker 
showed  30  per  cent  nickel,  but  an  examination  of  some  large  masses 
of  ore  obtained  at  a  depth  of  85  feet  below  the  surface,  and  consisting 
of  pyrrhotite  with  a  considerable  proportion  of  pentlandite,  which 
could  be  readily  discerned,  showed  17  -48  per  cent  nickel.  In  1891 .  a 
shipment  of  raw  ore  was  made  from  this  mine  of  123  tons,  which  con- 
tained 10  per  cent  nickel  and  3  per  cent  copper.  Large  masses  of 
4187—3 
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practically  pure  chalcopyrite  were  also  obtained,  and  a  considerable 
quantity  of  such  ore  is  stated  by  Manager  Attwood  to  have  been 
shipped,  assaying  18  per  cent  copper  and  2*5  per  cent  nickel. 

In  the  fall  of  1895  some  development  work  was  done  by  this  same 
company,  at  the  Cameron  mine,  on  lot  7,  con.  1,  of  Blezard  township, 
nearly  two  miles  southwest  of  the  Blezard  mine.  A  shaft  was  sunk 
a  distance  of  65  feet  with  a  drift  66  feet  in  length.  The  real  reason 
for  the  cessation  of  work  at  both  the  Worthington  and  Blezard  mines 
is  very  difficult  to  ascertain,  but  bad  business  management  was  re- 
sponsible in  large  part  for  many  of  their  difficulties  during  these  min- 
ing operations.  Individual  members  of  the  company  state  that  the 
present  idleness  of  these  properties  is  because  no  decision  satisfac- 
tory to  all  parties  can  be  reached  by  the  board  of  directors,  so  Ihat 
working  under  these  conditions  is  impossible,  and  they  would  be  in- 
clined to  sell. 

Some  of  the  other  companies  who  carried  on  mining,  and  in  some 
cases  smelting,  operations  for  a  time,  shortly  after  the  recognition  of 
this  area  as  a  mining  district,  deserve  a  passing  mention  in  this  con- 
nexion. 

One  of  these,  the  Algoma  Nickel  Company,  in  1891,  under  an 
option  secured  from  the  owners  of  the  property,  sank  four  shafts 
varying  in  depths  from  12  to  35  feet  and  aggregating  84  feet  in  all, 
besides  some  smaller  openings  or  test  pits  on  lot  11,  con.  V,  of  the 
township  of  Lorne.  No  large  body  of  ore  was,  however,  met  with  as 
a  result  of  this  development  work,  the  sulphides  apparently  occurring 
as  unusually  rich  impregnations,  which,  if  continuous,  might  prove 
an  economic  possibility.  These  sulphides  occur  in  connexion  with 
what  is  seemingly  the  southwestern  extension  of  the  same  mass  or 
band  of  norite  on  which  the  Worthington  and  Mitchener  mines  are 
situated.  Work  was  abandoned,  leaving  ore  piles  aggregating  about 
500  tons  in  weight.  Assays  of  an  average  sample  in  the  laboratory 
of  the  Survey  showed  1  -95  per  cent  nickel,  with  traces  of  cobalt. 

The  Drury  Nickel  Company  purchased  the  deposit  known  as  the 
Chicago  or  Travers  mine  in  1890,  and  began  active  mining  in  Febru- 
ary, 1891.  This  mine  is  situated  on  lot  3,  con.  V,  of  the  township  of 
Drury,  about  5  miles  north  of  Worthington  station,  on  the  Sault 
branch  of  the  Canadian  Pacific  railway.  Most  of  the  ore  was  mined 
by  means  of  open  cuts,  one  of  which  had  a  depth  of  30  feet,  length  60 
feet  and  width  30  feet,  from  the  bottom  of  which  a  shaft  8  by  12  feet 
was  sunk  to  a  depth  of  60  feet  Another  open  pit  measured  40  feet 
in  length,  80  feet  in  width  and  30  feet  in  depth.  From  these  open- 
ings 3,500  tons  of  ore  were  obtained,  and  reduced  to  matte  in  a  water- 
jacketed  furnace  capable  of  treating  60  tons  in  24  hours.    A  roast- 
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yard  was  prepared,  suitable  buildings  erected,  and  the  plant  installed 
necessary  for  permanent  mining,  but  in  spite  of  all  this  the  mine 
closed  down  in  1892.  In  1893,  after  lying  idle  for  nearly  a  year,  some 
additional  mining  and  smelting  was  undertaken,  but  this  was  also 
soon  abandoned.  On  May  20,  1896,  work  was  again  resumed,  the 
company  being  organized  under  the  name  of  the  Trill  Nickel  Mining 
and  Manufacturing  Company,  and  the  deposit  itself  was  rechristened 
the  Inez  mine.  An  elevated  tramway,  4}  miles  long,  was  built  from 
Worthington  station,  for  conveying  supplies  to  the  mine,  and  the  pro- 
duct of  the  mine,  in  turn,  to  the  station.  It  was  possible,  by  means 
of  this  tramway,  for  a  single  horse  to  haul  two  cars,  each  containing 
two  tons,  and  to  make  two  round  trips .  each  way  daily.  Mining  and 
smelting  continued  briskly  again,  for  a  while,  but  before  August, 
1897,  work  was  again  stopped,  and  has  not  since  been  resumed. 

From  time  to  time  mention  is  made  of  the  'Big  Levack  proper- 
ties,' thus  referring  to  certain  deposits  of  nickeliferous  pyrrhotite 
which  were  discovered  early  in  the  history  of  the  district  in  the  town- 
ship of  Levack,  but  none  of  which  have  been  sufficiently  developed  to 
be  dignified  by  the  name  of  'mine.'  From  time  to  time,  however, 
considerable  work  has  been  done  and  examinations  made  with  a  view 
to  possible  purchase,  but  for  various  reasons  the  properties  are  now 
(1901)  lying  idle  and  without  any  present  prospect  of  being  opened 
up  in  the  near  future.  The  deposits  in  question  are  situated  along  the 
northern  junction  of  what  has  sometimes  been  called  the  Windy  Lake 
eruptive  or  Middle  Belt  of  the  nickel  bearing  norite,  although  it  is 
possible  that  this  is  a  portion  of  the  huge  ellipsoidal  band,  and  the 
southwestern  continuation  of  the  Northern  Nickel  range.  The  sur- 
face indications  are  undoubtedly  among  the  best  in  the  district,  and 
the  development  work  so  far  undertaken  has  exposed  a  very  large 
amount  of  almost  pure  nickeliferous  pyrrhotite,  with  little  or  no 
rocky  admixture.  The  ore-body  has  the  additional  advantage  that 
chalcopyrite  forms  only  a  comparatively  small  proportion  of  the  whole. 
The  first,  and  probably  the  most  extensive  mining  exploration  work 
in  connexion  with  these  properties,  was  undertaken  in  1891,  and  a 
report  made  by  Mr.  A.  Merry,  of  H.  H.  Vivian  and  Company,  for  tho 
owners  of  the  property.  This  work  consisted  of  extensive  stripping, 
and  the  removal  of  portions  of  the  overlying  drift  material,  the  open- 
ing up  of  numerous  cross  cuts,  trenches  and  test  pits.  The  average 
nssay  of  a  number  of  typical  samples,  made  by  Mr.  Merry,  showed 
the  presence  of  3*86  per  cent  of  nickel  in  the  pyrrhotite,  with  0*81 
per  cent  of  copper.  Assays  made  in  the  laboratory  of  the  Survey 
show  the  nickel  to  vary  from  196  to  4  13  per  cent,  the  lower  figure 
containing  considerable  gangue,  while  the  higher   results  were 
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obtaine  1  from  the  solid,  coarse-grained  pyrrhotite.  Early  in  1901 
some  of  these  locations  were  examined  by  means  of  diamond  drill 
exploration,  under  option  by  the  Mond  Nickel  Company,  but  to  the 
disappointment  of  all  who  were  concerned  in  the  welfare  of  the  dis- 
trict this  company  decided  to  abandon  their  option,  and  the  property 
was  again  thrown  on  the  market.  It  is  manifestly  unwise,  as  a  rule, 
to  condemn  as  worthless  the  testimony  afforded  by  diamond  drill  ex- 
ploration, especially  when  such  work  is  under  the  superintendence  of 
men  thoroughly  experienced  in  the  mode  of  occurrence  of  the  class  of 
deposit  to  be  tested,  but  an  inspection  of  the  work  performed  at  this 
time  seems  thoroughly  convincing  that  much  of  what  was  done 
added  very  little,  if  any,  information  to  what  we  already  possessed  in 
regard  to  these  doposits,  or  than  can  be  secured  without  such  costly 
assistance.  We  are,  therefore,  still  in  the  dark  as  to  whether  or  not 
there  are  any  large  or  continuous  bodies  of  ore  at  these  places,  and  if 
the  former,  as  to  their  most  likely  disposition.  All  geologists  who 
have  visited  these  deposits,  and  especially  those  who  have  had  wide 
experience  in  the  district,  are  agreed  that  large  and  valuable  ore- 
bodies  are  likely  to  occur  at  this  place.  The  rock  is  the  usual  norite, 
with  which  all  the  other  mines  of  the  district  are  associated,  while 
the  contact  is  well  and  sharply  defined,  and  the  differentiation  pro- 
nounced. The  area  covered  by  the  nickel  bearing  norite  is  very 
large,  and  no  other  deposits  have  been  found  in  connexion  with  this 
eruptive.  .The  angle  of  dip  to  the  southeast  is  unusually  low  for  the 
district,  and  this  fact  has  to  a  large  extent  prevented  its  successful 
exploration.  The  development  work,  as  well  as  the  borings  under- 
taken by  the  diamond  drill,  seem  to  incline  the  casual  observer  to  the 
conclusion  that  the  deposit  is  a  '  pancake '  and  has  no  great  depth  or 
permanence.  A  careful  study  of  the  attitude  of  the  outcrops  of  rock, 
as  well  as  their  surface  outline  in  the  immediate  vicinity  of  the  sites 
chosen  for  drilling  purposes,  is  convincing  that  no  deep  deposit  need 
be  expected  in  their  vicinity,  while,  on  the  other  hand,  it  seems  reason- 
able that  the  main  body  of  the  sulphides  is  concealed  beneath  the 
drift,  at  the  base  of  the  hill,  where  no  trials  whatever  have  been  made. 
A  shaft  sunk  hero  and  continued  with  the  granite-gneiss  as  a  foot- 
wall,  with  drifts  outward  towards  the  main  mass  of  the  norite,  would 
show  definitely  and  finally  not  only  if  any  large  and  continuous  ore- 
body  is  present  along  this  line  of  junction,  but  at  the  same  time 
would  secure  a  considerable  amount  of  ore,  which  could  afterwards 
be  used. 

In  1891,  a  shaft  was  started  on  the  Davis  property,  known  as  the 
Sheppard  or  Beatrice  mine.  This  deposit  is  situated  along  the  north- 
eastern extension  of  the  same  line  of  junction  as  the  Blezard  mine, 


Digitized  by  Google 


HISTORY  OK  DEVELOPMENT 


between  the  norite  and  greenstone.  It  is  on  lot  1,  con.  HI,  of  Blezard 
township,  nearly  two  miles  northeast  of  the  Blezard  mine,  with  which 
it  is  connected  by  wagon  road.  The  shaft,  10  by  12  feet,  was  sunk  to 
the  depth  of  100  feet,  with  three  small  drifts,  aggregating  34  feet 
Work,  however,  was  not  continued  after  April,  1893. 

In  the  same  year,  (1891),  a  shaft  was  sunk  and  considerable  de- 
velopment work  done  by  the  Emmons  Metal  Company,  on  the  pro- 
perty afterwards  known  as  the  Macdonell  or  Qersdorffite  mine,  situ- 
ated in  the  southeast  corner  of  lot  12,  con.  Ill,  of  the  township  of 
Denison,  and  about  one  mile  and  a  half  northeast  of  Worthington 
station.  This  locality  is  remarkable  as  having  furnished  the  first 
specimens  of  the  rich  nickel  minerals,  niccolite  and  gersdorffite,  in 
the  district,  but  as  no  large  body  of  ore  was  discovered  mining  oper- 
ations soon  came  to  an  end. 

In  1894,  the  deposit  known  as  the  Trillabelle  mine  was  opened, 
and  a  shaft  60  feet  in  depth  sunk  on  the  deposit.  This  mine  is  situ- 
nted  on  lots  10  and  11,  con.  Ill,  of  the  township  of  Trill,  and  is  con- 
nected by  wagon  road,  by  way  of  the  Inez  or  Travers  mine,  with 
Worthington  station,  which  is  about  13  miles  distant. 

In  1898,  the  deposit  which  was  named  the  Kirk  wood  mine,  situated 
on  lot  8,  con.  Ill,  of  the  township  of  Garson,  at  the  southern  edge  of 
the  main  or  southern  belt  of  norite,  along  the  same  lino  of  junction 
as  the  Blezard  and  Beatrice  mines,  was  opened.  Three  shafts  were 
sunk,  the  deepest  of  which  was  rather  less  than  50  feet.  A  substantial 
rock  house  and  other  suitable  mining  buildings  were  erected,  but  for 
lack  of  sufficient  capital  the  work  has  not  proceeded  further. 

On  October  5,  1899,  the  Great  Lakes  Copper  Company  was  organ- 
ized, and  purchased  the  property  known  as  the  Mount  Nickel  mine, 
comprising  lots  5  and  0,  con.  II,  of  the  township  of  Blezard.  They 
also  purchased  what  was  known  as  the  '  Trill  Property,'  consisting  of 
lots  9  and  10  in  cons.  Ill  and  IV,  of  the  township  of  Trill,  in  the 
district  of  Algoma.  The  Mount  Nickel  mine  was  chosen  as  the  scene 
of  the  first  mining  operations,  and  this  deposit  was  developed  by 
means  of  two  open  cuts  and  a  shaft,  which  eventually  reached  a 
depth  of  about  165  feet,  with  certain  levels  and  drifts,  from  all  of 
which  considerable  ore  was  obtained.  It  is  also  stated  that  diamond 
drill  explorations  subsequently  undertaken  revealed  the  presence  of  a 
good  supply  of  ore.  The  mine  was  equipped  with  all  the  machinery 
and  other  appliances  for  carrying  on  extensive  mining  operations. 
The  smelting  works  were  built  from  original  designs  by  Anton  Graf 
of  Vienna,  and  it  was  proposed  to  produce  high  grade  matte  at  one 
operation  from  ores  which  had  received  no  previous  roasting.  This 
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method  of  smelting  failed,  and  in  May,  1901,  all  operations  ceased, 
and  have  not  been  resumed  since. 

In  the  latter  part  of  1899  it  was  announced  that  a  strong  com- 
pany, under  the  title  of  Uie  Hoepfner  Refining  Company,  with  a 
capital  of  $10,000,000,  had  been  formed  in  Hamilton,  to  refine  nickel- 
copper  mattes  and  zinc  ores.  These  metals  were  to  be  recovered  by 
electrolytic  methods  discovered  by  Dr.  Carl  Iloepfner.  The  Nickel 
Copper  Company,  of  Hamilton,  also  organized  about  the  same  time, 
were  to  furnish  the  necessary  supply  of  nickel-copper  matte.  Unfor- 
tunately, however,  Dr.  Hoepfner  was  unable  to  so  perfect  his  methods 
as  to  permit  of  its  economic  application  on  a  large  scale  and  the  Nickel 
Copper  Company  took  the  matter  of  experimenting  into  their  own 
hands.  The  sen-ices  of  Air.  Hans  A.  Frasch  were  obtained,  who 
devised  what  is  known  as  the  'Frasch  Process.'  This  method  like- 
wise, although  possible  under  ordinary  conditions  of  laboratory  prac- 
tice, as  was  demonstrated  at  a  public  exhibition  held  on  September  3, 
1900,  was  not  capable  of  commercial  application.  The  operations  of 
the  Nickel  Copper  Company  came  to  an  end  in  1901,  owing  to  the 
complete  failure  of  the  new  self-roasting  plant  erected  near  Worth- 
in  gton  station. 

Lake  Superior  Power.  Company. 

For  some  time  after  the  opening  of  the  pulp  mills  at  Sault  Ste. 
Marie  the  Lake  Superior  Power  Company  were  content  to  manu- 
facture mechanical  pulp,  but  discovering  that  there  was  a  large  and 
growing  demand  for  sulphide  pulp  it  was  decided  to  at  once  enter 
upon  its  manufacture.  The  proximity  of  the  sulphide  deposits  at 
Sudbury  suggested  that  the  sulphur  which  was  necessary  for  the  pro- 
duction of  this  pulp  might  be  most  profitably  extracted  from  these 
ores,  and  at  the  same  time  yield  a  by-product  of  very  great  value. 
The  preliminary  experiments  with  the  nickeliferous  pyrrhotite  were 
convincing  that  sufficient  sulphur  dioxide  could  be  procured  from 
this  mineral  by  roasting,  while  at  the  same  time  the  roasted  ore  or 
residue,  consisting  essentially  of  a  mixture  of  iron  and  nickel  with 
only  a  comparatively  small  percentage  of  sulphur,  could  be  mixed 
with  lime  and  charcoal  and  smelted  in  electric  furnaces  to  ferro- 
nickel.  It  was  intended  at  the  time  to  employ  this  alloy  in  large 
quantities.  An  inspection  of  all  the  available  deposits  of  nickelifer- 
ous pyrrhotite  seemed  to  indicate  that  the  property  afterwards  known 
as  the  Gertrude  mine  was  peculiarly  adapted  to  meet  the  necessities 
of  the  case  in  hand.    In  1899,  therefore,  the  Lake  Superior  Power 
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Company  purchased  this  mine,  and  immediately  proceeded  to  develop 
the  deposits  which  were  situated  on  the  S.  £  of  lots  3,  4  and  5,  of  con. 
I,  of  the  township  of  Creighton,  a  little  over  twelve  miles  west  of 
Sudbury.  The  preliminary  examinations  and  first  development  work 
showed  an  unusual  predominance  of  a  high  grade  nickeliferous  pyr-* 
rhotite,  with  comparatively  little  of  the  objectionable  copper  in  the 
form  of  intermixed  chalcopyrite.  As  mining  operations  proceeded, 
however,  more  chalcopyrite  was  encountered,  and  the  deposit  gradu- 
ally assumed  the  usual  characteristics  of  those  elsewhere  in  the  dis- 
trict, and  the  copper  contents  assumed  too  large  a  proportion  to  per- 
mit of  the  successful  carrying  on  of  the  first  proposal.  Repeated 
experiments  were  made  with  many  carloads  of  raw  material  shipped 
to  the  works  at  the  Sault  for  this  purpose,  but  it  was  finally  decided 
to  adopt  the  ordinary  process  of  smelting  in  use  elsewhere  throughout 
the  district,  producing  a  blast  furnace  matte  averaging  about  29  per 
cent  of  the  combined  metals,  the  proportion  of  nickel  being  about 
double  that  of  the  copper. 

In  1900,  the  development  of  the  Gertrude  mine  was  continued, 
but  the  want  of  transportation  facilities  greatly  hampered  these 
operations.  Two  shafts  were  sunk,  one  attaining  a  depth  of  120  feet, 
and  the  other  of  80  feet,  with  several  levels  and  drifts.  In  the  spring 
of  1901  the  Manitoulin  and  North  Shore  railway  reached  this  mine, 
and  work  was  conducted  much  more  energetically.  Roast  yards  were 
prepared,  and  the  erection  of  a  smelter  commenced.  In  July  of  that 
year  the  Elsie  mine,  on  the  S.  half  of  lot  12,  con.  V,  of  McKim,  and 
about  half  a  mile  southwest  of  the  Murray  mine,  was  opened  up. 
The  ore  was  shipped  in  50-ton  steel  cars  to  the  roast  yards  at  the 
Gertrude  mine,  and  the  first  shipment  of  ore  was  made  to  this  place 
on  the  26th  of  October,  1901,  on  the  completion  of  the  switch .  which 
connects  the  deposit  with  the  main  line  of  the  Manitoulin  and  North 
Shore  railway.  The  smelter  at  the  Gertrude  mine  was  finished  in 
June,  1902,  and  afterwards  ran  steadily  throughout  the  year,  convert- 
ing 100  to  160  tons  daily  into  standard  matte.  In  November,  1902, 
all  work  was  suspended  at  the  Elsie  mine,  to  permit  of  the  needed 
removal  of  some  of  the  mining  buildings,  whose  safety  was  threat- 
ened by  a  continuance  of  the  mining  work.  Later,  in  1903,  the  whole 
of  the  raining  operations  in  the  Sudbury  district  shared  the  same  fate 
in  common  with  the  other  industries  operated  by  the  same  company 
at  the  time  of  their  failure. 

Mond  Nickel  Company. 

In  1889,  Dr.  Ludwig  Mond,  F.R.S.,  in  collaboration  with  Dr. 
Carl  Langer,  while  carrying  on  certain  experiments  for  determining 
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a  suitable  method  for  eliminating  the  carbon  monoxide  gases  contain- 
ing hydrogen,  made  certain  observations  which  eventually  resulted 
in  the  discovery  of  what  has  since  been  known  as  the  Mond  or  car- 
bon-monoxide process,  for  separating  metallic  nickel  from  copper, 
*&c.  In  this  process  there  were  many  technical  difficulties  to  be  over- 
come, bo  that,  although  a  patent  was  applied  for  on  the  12th  of 
August,  1890,  it  was  some  years  before  it  had  reached  such  a  stage 
as  demonstrated  its  possibilities  of  commercial  success.  In  1892,  an 
experimental  plant,  on  a  large  scale,  was  erected  at  Smethwick,  near 
Birmingham,  England,  and  after  several  years  of  patient  work,  dur- 
ing which  time  the  plant  had  to  be  several  times  remodelled  in  order 
to  meet  all  the  requirements  of  this  somewhat  delicate  process,  it 
gradually  assumed  its  present  shape.  In  1898,  it  had  reached  such  a 
state  of  perfection  as  to  afford  the  most  convincing  proof  that  the 
process  was  able,  not  only  to  compete  successfully  in  regard  to  cost  of 
operation,  but  at  the  same  time  the  metallic  nickel  produced  showed, 
on  analysis,  a  higher  degree  of  purity  than  had  yet  been  possible  by 
any  other  known  process. 

The  success  of  the  method  being  thus  assured,  Dr.  Mond  began  at 
once  to  make  inquiries,  with  a  view  to  obtaining  an  unfailing  supply 
of  nickel  ore.  Experiments  conducted  on  the  nickel  and  copper  sul- 
phide ores  seemed  convincing  that  such  were  peculiarly  suited  to 
treatment  by  the  Mond  process,  so  that  it  was  decided  to  buy  one  or 
more  of  the  best  locations  which  were  then  available  in  the  Sudbury 
mining  district.  At  this  time,  and  for  some  years  previously,  it  was 
a  matter  of  common  gossip  throughout  this  area  that  the  McConnell 
mine  or  property,  in  the  township  of  Denison,  was  one  of  the  largest 
deposits  of  high  grade  ore  which  had  yet  been  found,  and  attention 
was,  therefore,  directed  to  it  with  a  view  to  possible  purchase.  After 
some  negotiations,  and  a  thorough  investigation  of  the  merits  of  these 
deposits,  Dr.  Mond  decided  to  acquire  these  properties,  and  accord- 
ingly, in  the  summer  of  1899,  the  necessary  transfer  was  made.  These 
mining  locations  had  been  under  development  for  some  time  by  their 
former  owner,  Mr.  Rinaldo  McConnell,  and  at  the  time  they  were 
sold  to  Dr.  Mond  explorations  were  being  carried  on  by  means  of 
the  Ontario  government  diamond  drill,  with  a  view  to  determining 
more  definitely  the  position  and  extent  of  the  various  ore-bodies.  The 
change  in  ownership,  however,  did  not  affect  the  progress  of  the  work, 
which  began  on  July  10,  and  finished  on  November  21,  1899.  In  this 
time  seven  holes  were  bored,  the  aggregate  number  of  feet  being  994, 
at  an  average  cost  of  $1.75  per  foot.  In  addition,  two  other  drills 
owned  by  Dr.  Mond  were  engaged  more  or  less  continuously  during 
this  and  the  two  succeeding  years,  investigating  these  and  other  min- 
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ing  locations,  in  which  Dr.  Mond  was  interested.  The  main  shaft 
and  mining  buildings  of  what  were  henceforth  to  be  known  as  the 
Victoria  mines  are  situated  on  the  north  half  of  lot  8,  con.  IV,  of 
the  township  of  Denison,  while  the  smelter,  offices  and  official  resi- 
dences were  built  on  the  north  half  of  lot  8,  con.  II,  of  the  same 
township,  close  to  the  '  Sault '  branch  of  the  Canadian  Pacific  rail- 
way, and  a  little  over  two  miles  south  of  the  main  openings. 

Beginning  in  1S99  the  work  of  opening  up  these  deposits  pro- 
ceeded as  rapidly  as  circumstances  permitted.  Extensive  stripping  of 
the  deposits  and  other  preliminary  development  work  was  undertaken ; 
roads  were  opened  up;  a  roast  yard  was  levelled  and  otherwise  pre- 
pared, and  the  necessary  timbers  secured  for  the  numerous  extensive 
structures  contemplated. 

During  1900  this  work  was  continued,  special  attention  being 
given  to  equipping  the  mines  and  smelter,  the  site  of  the  latter  being 
chosen  close  to  Fairbank  creek,  on  the  Sault  branch,  22  miles  west  of 
Sudbury.  An  aerial  tramway,  11,000  feet  in  length,  was  installed  by 
the  Trenton  Iron  Co.,  of  Trenton,  N.J.,  to  convey  the  ore  from  the 
rock  house  at  the  mines  to  the  roast  yard,  which  was  first  located 
close  to  the  smelter. 

On  the  16th  of  October,  1900,  the  Mond  Nickel  Company,  Limited, 
of  London,  Eng.,  was  authorized,  by  license  of  the  Lieutenant-Gov- 
ernor, to  carry  on  business  in  Ontario.  The  incorporation  of  this 
company,  with  a  capital  of  £600,000,  was  for  the  purpose  of  acquiring 
all  the  above  property,  plants,  patents,  and  smelters  belonging  to  Dr. 
Ludwig  Mond  in  the  Sudbury  district. 

Plant  of  the  most  modern  type,  for  roasting,  smelting,  and  besse- 
merizing  the  ore,  was  erected  at  Victoria  Mines,  under  the  direction 
of  Mr.  Hiram  W.  Hixon,  formerly  of  the  Anaconda  Company,  this 
equipment  being  the  most  complete  and  conveniently  arranged  which 
had  up  to  that  time  been  installed  in  the  district.  In  addition  sub- 
stantial offices  and  tasteful  dwellings,  with  all  modern  conveniences, 
such  as  water  and  electric  light,  have  been  erected  for  the  accommo- 
dation of  the  staff  and  their  families,  and  the  site  of  pre-existing 
swamps  and  rocky  hummocks  was  quickly  filled  in,  levelled  and  trans- 
formed into  an  important  village  and  business  centre. 

Early  in  1901  the  mine  was  in  complete  working  order,  and  begin- 
ing  with  February  ore  was  regularly  raised  and  transported  by  means 
of  the  aerial  tramway  to  the  roast  yard.  The  smelter  shortly  after- 
wards commenced  to  turn  out  matte,  by  the  Bessemer  process,  this 
product  averaging  about  80  per  cent  of  combined  nickel  and  copper, 
the  former  metal  being  usually  present  a  little  in  excess.  On  1st 
July,  1901,  the  head  house  or  landing  station  at  the  roast  yard  was 
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struck  by  lightning,  and  before  adequate  assistance  could  arrive. was 
burned  to  the  ground.  This  temporary  breakdown  of  the  cable  sys- 
tem, although  greatly  retarding  mining  operations  at  the  time,  was 
really  a  blessing  in  disguise,  as  it  resulted  in  a  decision  to  abandon 
this  roast  yard,  the  position  of  which  on  the  immediate  outskirts  of 
the  village  had  been  a  source  of  annoyance  and  inconvenience  to  tlie 
residents,  who,  during  certain  conditions  of  wind  and  weather,  suf- 
fered greatly  from  the  sulphurous  fumes  given  off  by  the  burning 
piles.  The  new  site  chosen  consisted  of  a  fiat  about  half  way  between 
the  smelter  and  the  mine,  which  could  be  easily  levelled,  drained  and 
otherwise  prepared,  this  location  being  much  more  spacious  and  suit- 
able in  every  way  than  the  roast  yard  it  was  proposed  to  abandon. 

During  the  winter  of  1901  and  1902  the  operations  of  tJiis  com- 
pany, at  the  Victoria  mines,  were  greatly  curtailed,  but  the  comple- 
tion of  the  refining  works  in  England,  and  the  beginning  oi  opera- 
tions on  a  large  scale  at  these  works  in  April,  1902,  gave  a  frosh 
impetus  to  all  departments  of  mining  activity.  During  the  summer 
of  1902  the  North  Star  mine,  situated  on  lot  9,  cons.  II  and  HI,  of 
the  township  of  Snider,  and  the  Little  Stobie  mine,  on  the  north  half 
of  lot  6,  con.  I,  of  the  township  of  Blezard,  were  worked  by  this  com- 
pany. The  ore,  amounting  to  4,724  tons  obtained  from  the  North 
Star,  and  1,584  tons  from  the  Little  Stobie,  was  shipped  to  the  Vic- 
toria mines  for  treatment.  The  bessemerized  matte,  as  quickly  as 
produced  by  the  smelting  works  at  Victoria  mines,  was  shipped  to 
Clydach,  near  Swansea,  in  Wales,  where  extensive  works  had  been 
built  for  its  treatment,  calculated  for  an  annual  production  of  from 
1,000  to  1,500  tons  of  metallic  nickel,  and  4,000  to  6,000  tons  of  cop- 
per sulphate.  These  works  have  been  so  designed  as  to  render  future 
extension  easy  and  economical.  The  property  at  Clydach,  including 
about  33  acres,  on  which  the  works  are  erected,  has  a  frontage  on  the 
Swansea  Valley  canal,  giving  easy  access  to  the  port  of  Swansea,  and 
is  connected  by  a  siding  to  the  Midland  railway.  After  a  year's 
steady  production  from  both  mines  and  smelter  all  activity  ceased 
in  December,  1902,  and  although  most  of  the  higher  officials  were 
retained  in  office,  no  mining  work  of  any  consequence  was  undertaken 
until  early  in  the  spring  of  1903,  when  work  was  again  resumed  and 
continued  until  November  of  the  same  year,  when  operations  were 
again  discontinued.  It  is  currently  reported  that  the  real  reason  for 
these  frequent  interruptions  in  the  mining  operations  was  due  to  cer- 
tain defects  in  the  plant  at  the  Clydach  refining  works,  and  it  is  also 
rumoured  that  after  a  recent  breakdown  in  the  plant  there  were  over 
twenty  cases  of  poisoning  from  the  escaping  gas,  which  resulted  in 
several  fatalities.   It  is  confidently  expected  that  a  remedy  will  soon 
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be  found  for  this  serious  condition  of  affairs,  and  that  the  necessary 
alterations  in  the  plant  will  again  permit  of  its  operation  on  an  exten- 
sive scale,  thus  insuring  a  resumption  of  work  at  the  Victoria  mines. 

The  hi«tory  of  the  development  of  mining  in  the  Sudbury  district 
has  not,  therefore,  been  an  unbroken  record  of  brilliant  successes,  but 
often  quite  the  reverse  has  been  the  rule,  and  as  may  be  noticed  in 
the  preceding  pages  the  number  of  companies  who  for  different  lengths 
of  time  have  operated  in  this  area  already  constitute  a  formidable 
list  These  failures,  and  the  causes  which  have  operated  to  bring 
about  this  untoward  result,  serve,  however,  to  bring  into  strong  relief 
the  gallant  and  successful  struggles  of  the  only  company  which  has 
been  able  to  surmount  the  various  difficulties  to  which  the  other 
organizations  have  successively  succumbed;  at  the  same  time 
strengthening  the  belief  that  the  crisis  has  been  passed,  and  the  in- 
dustry has  at  last  been  established  on  a  firm  and  permanent  basis. 
It  is  true  that  certain  details  in  regard  to  the  extraction  of  the  nickel 
are  still  in  the  experimental  stage  in  order  to  determine,  if  possible, 
a  more  economical  method,  but  there  is  no  doubt  whatever  that  the 
business  of  the  mining  and  smelting  of  nickel  is  not  only  in  a  satis- 
factory condition  but  has  reached  such  phenomenal  dimensions  that 
operations  in  other  countries  have,  in  consequence,  been  either  greatly 
curtailed,  or  have  ceased  altogether,  so  that  at  the  present  time  the 
supremacy  of  the  Sudbury  mining  district  as  the  world's  greatest 
producer  of  nickel  is  unquestioned. 

It  may  be  well,  in  passing,  to  state  some  of  the  reasons  which  have 
contributed  to  the  failures  which  have  been  so  frequently  recorded  in 
connexion  with  the  establishment  of  the  Sudbury  nickel  industry. 
For  some  time  after  the  beginning  of  mining  work  in  this  region  the 
world's  annual  consumption  of  nickel  did  not  exceed  700  or  800  tons 
of  the  pure  metal,  which  amount  could  readily  be  produced  by  any 
one  of  the  three  companies  then  operating  in  the  district.  The  de- 
mand for  nickel  was,  therefore,  so  small  and  uncertain,  that  before 
the  discovery  was  made  of  its  advantageous  employment  as  an  alloy 
with  steel,  especially  in  the  manufacture  of  armour  plate,  no  great 
future  seemed  assured  for  the  nickel  industry,  and  even  with  this 
distinction  in  its  favour  no  very  marked  increase  in  the  demand  for 
nickel  could  be  noticed,  and  it  took  a  number  of  years  more  before 
the  consumption  had  increased  to  1,500  tons  per  annum.  By  the 
time,  however,  this  latter  figure  had  been  reached,  it  was  certain  that 
a  constant  and  ever  increasing  demand  for  nickel  was  assured,  on 
account  of  its  general  use  in  all  kinds  of  steel  where  strength  com- 
bined with  lightness  were  the  important  factors.  At  the  present  time 
the  consumption  of  nickel  exceeds  10,000  tons  per  annum,  and  ex- 
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haustive  experiments  now  l»eing  undertaken,  under  the  auspices  of 
the  International  Nickel  Company,  are  stated,  on  the  best  authority, 
to  give  strong  evidence  of  the  superiority  of  nickel  steel  in  bridge 
building,  so  that  a  much  larger  demand  for  nickel  can  be  looked  for 
in  the  immediate  future.  In  addition,  the  recent  decision  of  the 
Pennsylvania  railway  to  use  nickel  steel  rails,  and  the  award  of  a  con- 
tract for  9,000  tons  of  the  same  to  carry  3-60  per  cent  nickel  by  this 
vast  and  progressive  corporation,  will  no  doubt  give  a  fresh  stimulus 
to  the  demand.  The  only  anxiety  which  now  exists,  and  which  has 
often  been  urged  against  any  large  employment  of  nickel  steel,  relates 
to  the  sources  of  supply,  and  to  the  possible  exhaustion  of  the  nickel 
deposits  now  known  to  exist.  All  authorities  are,  however,  in  sub- 
stantial agreement  that  the  supply  of  high  grade  nickel  ore  contained 
in  the  Caaadian  deposits  is  practically  unlimited,  and  at  least  amply 
sufficient  for  many  years  to  come  to  supply  the  requirements  of  even 
much  more  extensive  smelting  operations  than  are  now  carried  on  in 
the  Sudbury  district.  Besides,  a  demand  for  larger  quantities  of 
nickel  will  stimulate  prospecting,  not  only  in  this  region,  but  also  in 
areas  of  similar  crystalline  rocks  to  be  opened  up  in  a  very  short 
time  by  the  Grand  Trunk  Pacific  and  its  branches,  as  well  as  by  the 
Timiskaming  and  Northern  Ontario  railway,  with  the  probable  result 
that  many  more  new  deposits  will  be  discovered. 

Another  fact  which  has  contributed  to  a  considerable  extent  to 
bring  about  the  failure  of  some  of  the  Sudbury  mining  concerns  was 
the  assumption  by  interested  parties  that  each  individual  deposit  of 
which  they  had  the  good  fortune  to  obtain  possession  was  a  mine 
capable  of  producing  a  permanent  and  unlimited  supply  of  nickel  ore 
of  the  desired  grade,  the  ore-body  extending  to  unknown  depths,  and 
increasing  both  in  quality  and  quantity  with  its  downward  extension. 
With  such  confidence  in  the  size,  permanency  and  suitability  for 
smelting  operations  of  the  ore-bodies,  it  is  not  surprising  that  very 
often  no  special  effort  was  made  to  obtain  control  of  other  available 
sources  of  supply,  which  were  sure  to  be  needed  when  extensive  and 
long  continued  refining  operations  were  in  progress. 

A  third  cause,  which  perhaps  assisted  more  than  any  other  to 
bring  about  the  frequent  suspension  in  mining  and  smelting  opera- 
tions already  recorded,  was  the  lack  of  the  necessary  technical  know- 
ledge and  experience  on  the  part  of  those  who  had  the  management 
of  many  of  the  organizations.  The  strong  necessity  of  such  informa- 
tion, in  every  department  of  mining  and  smelting,  needs  no  special 
explanation  or  emphasis,  but  it  was  more  than  ever  required  for  the 
successful  treatment  of  these  particular  sulphide  ores.  Thus,  some 
of  the  companies  engaged  in  mining  in  the  vicinity  of  Sudbury  sue- 
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ceeded  in  reaching  the  stage  of  producing  matte,  but  even  these  were 
obliged  to  sell  this  unfinished  product  to  the  various  refiners,  at  prices 
which  usually  came  far  from  realizing  their  expectations  in  this 
respect.  The  refiners  were  accused  of  reaping  all  the  profits,  which 
should  have  been  shared  with  the  producers,  so  that,  very  early  in 
the  history  of  the  region,  it  was  patent  to  every  one  that  to  share  in 
the  full  benefits  of  the  industry  the  same  individuals  or  company 
must  control  the  whole  of  the  operations  necessary  to  manufacture 
the  finished  product.  Acting  on  this  knowledge,  therefore,  many  of 
the  corporations  engaged  what  was  considered  the  most  expert  metal- 
lurgical advice,  and  numerous  experiments  were  undertaken  to  deter- 
mine an  effective  and  economic  process  by  which  the  nickel  and  cop- 
per could  be  extracted  from  these  ores,  and  afterwards  separated  from 
one  another.  In  this  manner  .  the  too  often  very  limited  resources  of 
these  companies  wore  taxed  to  the  utmost,  and  any  failure,  even  in 
the  preliminary  trials,  to  yield  the  decisive  and  satisfactory  results 
looked  for  often  resulted  in  the  closing  down  and  practical  abandon- 
ment of  the  mines  and  works  concerned.  Finally,  in  more  than  one 
instance,  the  absence  of  sound  business  methods  assisted  very  mate- 
rially to  bring  about  some  of  the  disastrous  failures  which  have  been 
recorded  in  the  foregoing  pages. 

- 

General  Physical  Features. 

The  expression  '  Sudbury  Mining  district '  was  applied  as  a  term 
of  convenient  reference,  soon  after  the  discovery  of  these  valuable 
mineral  deposits,  to  designate  that  particular  tract  of  country  imme- 
diately surrounding  and  tributary  to  the  town  of  Sudbury.  It  must 
not,  therefore,  be  confounded  with  other  areas  of  Northern  Ontario 
to  which  the  term  '  district '  has  been  applied,  and  which  have  been 
thus  set  apart,  with  definite  boundaries,  for  electoral  and  other  pur- 
poses. Roughly  speaking  it  may  be  described  as  extending  from 
Wanapitei  lake  and  river,  on  the  east,  to  Onaping  and  Worthington 
stations  on  the  west.  On  the  north  it  may  be  considered  as  em- 
bracing the  recently  discovered  iron  deposits  in  Hutton  township, 
while  southward  the  commencement  of  the  Laurentian  gneiss  is  be- 
lieved to  limit  important  mineral  discoveries  in  that  direction. 

The  town  of  Sudbury  is  a  creation  of  the  Canadian  Pacific  railway, 
coming  into  existence  at  the  time  of  its  construction  in  1382,  and 
increasing  in  importance  by  reason  of  its  being  chosen  as  the  junc- 
tion point  for  the  branch  line  to  Sault  Ste.  Marie.  It  is  distant  on 
the  main  or  transcontinental  line  of  this  railway  442-7  miles  from 
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Montreal,  and  322  *4  miles  from  Ottawa,  the  capital  of  the  Dominion 
of  Canada. 

The  area  in  which  workable  deposits  of  nickel  and  copper  are  now 
known  to  occur  extends  from  the  southeast  corner  of  Snider  town- 
ship (Evans  mine),  northwest  to  the  central  part  of  the  township  of 
Levack,  a  distance  of  about  20  miles;  in  a  northeasterly  direction  it 
reaches  from  the  township  of  Drury  to  Wanapitei  lake,  a  distance  oi 
about  40  miles.  The  mines  which  have  actually  produced  ore  for 
smelting  or  shipping  purposes  are,  with  the  exception  of  the  Worth- 
ington  mine,  all  connected  with  that  portion  of  the  main  mass  or  belt 
of  norite  which  stretches  from  the  old  Inez  or  Chicago  mine,  in  the 
township  of  Drury,  to  the  Blezard  mine,  a  distance  of  about  26  miles. 

The  area  contained  in  the  two  accompanying  map-sheets  (Victoria 
Mines  and  Sudbury),  and  comprising  portions  of  the  district  of 
Algoma  and  Nipissing,  has  all  been  subdivided  into  townships  and 
lots  of  the  more  recent  form  adopted  by  the  Crown  Lands  Depart- 
ment of  Ontario.  With  few  exceptions  each  of  these  townships 
measures  six  miles  square,  the  area  thus  embraced  being  thirty-six 
square  miles.  Each  township  is  divided  into  six  concessions  by  east 
and  west  lines  run  astronomically,  which  are  designated  by  the 
Roman  numerals,  the  order  of  numbering  being  from  south  to  north ; 
while  the  concessions  themselves  are  divided  into  twelve  lots,  by  true 
north  and  south  lines,  which  carry  the  ordinary  Arabic  figures,  num- 
bered from  east  to  west.  Each  lot,  therefore,  measures  one  mile  from 
north  to  south,  and  half  a  mile  from  east  to  west,  thus  containing  an 
area  of  .320  acres.  Only  every  alternate  lot  line  is  cut  out  through 
the  woods,  the  intervening  boundary  being  marked  by  posts  on  the 
concession  lines.  The  lines  are  all  supposed  to  be  run  astronomically, 
although  in  some  cases,  no  allowance  having  been  made  for  the  con- 
vergence of  meridians,  considerable  error  and  confusion  have  resulted. 
Sometimes  the  surveys  of  these  townships  have  not  been  done  as  care- 
fully or  accurately  as  might  be  desired,  and  in  more  than  one  in- 
stance, two  or  even  more  approximately  parallel  lines  were  found, 
within  short  distances  of  one  another,  evidently  intended  for  a  single 
boundary,  each  connecting  with  separate  posts  designed  to  mark  the 
same  point.  Over  the  larger  part  of  the  district  repeated  forest  fires 
have  destroyed  all  traces  of  many  of  these  lines,  and  the  limiting 
posts,  except  where  an  occasional  one  happened  to  be  located  in  a 
swamp,  have  been  burnt,  so  that  it  is  usually  exceedingly  difficult, 
and  sometimes  impossible,  to  locate  these  original  boundaries. 

The  general  character  ot  the  country  may,  perhaps,  be  best  de- 
scribed as  that  of  an  uneven  or  undulating  rocky  plain,  with  a  gentle 
slope  towards  the  south  and  southwest.   In  detail  the  surface  of  the 
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plain  is  far  from  uniform,  consisting  of  a  rapid  succession  of  more 
or  less  parallel  and  disconnected  rocky  ridges,  with  a  prevailing  north- 
east and  southwest  trend,  the  intervening  valleys  being  usually  occu- 
pied by  swamps,  lakes  or  river  courses.  The  average  general  eleva- 
tion of  the  district,  as  a  whole,  varies  from  800  to  1,100  feet  above  the 
sea.  The  present  topography  has  been  the  result  of  prolonged  denu- 
dation and  erosion,  assisted  to  a  considerable  extent  by  subsequent 
glacial  action,  which  removed  the  softer  decomposed  material  from 
the  higher  levels  to  be  deposited  elsewhere  in  the  neighbouring 
valleys  or  in  areas  considerably  removed  to  the  southwest.  The 
scouring  action  of  the  vast  glacier  is  everywhere  apparent  in  the 
smooth  well-rounded  hills,  while  in  most  cases  the  exposed  rock  sur- 
faces still  preserve  the  glacial  grooves  and  stria?.  Although  the 
country  is  exceedingly  rocky  and  uneven  there  are  no  very  promi- 
nent hill  features,  the  highest  seldom  attaining  a  greater  altitude 
than  150  feet  above  the  neighbouring  valleys,  while  elevations  of  25 
to  100  feet  are  far  more  common.  The  highest  land  in  the  district 
comprises  a  strip  varying  in  width  from  3  to  5  miles,  and  extending 
in  a  northeasterly  direction  from  Denison  to  Garson  townships,  a 
distance  of  over  30  miles.  This  is  underlaid  for  the  most  part  by 
the  nickel-bearing  and  associated  eruptives,  although  some  areas  of 
highly  altered  quartzites  contribute  to  this  unusual  elevation.  One 
of  the  highest  hills  in  this  rocky  belt  is  situated  immediately  south 
of  the  Elsie  mine.  Barometrical  observation  correlated  with  the 
known  elevation  at  the  intersection  of  the  Elsie  Mine  branch  with  the 
M.  &  N.  S.  railway  show  this  to  have  an  altitude  of  1,120  feet  above 
the  sea.  Starting  from  Sudbury,  which  has  an  elevation  of  850  feet, 
the  Canadian  Pacific  railway  ascends  a  series  of  steep  grades  for  a 
distance  of  3}  miles  before  the  summit  is  reached  at  an  altitude  of 
992  feet;  while  an  equal  distance  farther,  at  Azilda  station,  this  ele- 
vation is  decreased  to  881  feet  above  the  sea.  The  Manitoulin  and 
North  Shore  Railway  Company,  on  the  other  hand,  have  built  a  por- 
tion of  this  road  a  little  over  twelve  miles  in  length,  and  have  located 
it  to  Victoria  Mines  and  beyond,  the  line  running  through  this  hilly 
district  for  the  whole  distance.  Starting  from  Sudbury,  which,  as 
stated,  has  an  elevation  of  850  feet,  the  grade  rises  to  919  feet  at 
Clarabelle  junction,  and  farther  to  959  feet  at  Elsie  junction.  The 
summit  is  reached  about  8  miles  west  of  Sudbury,  where  the  level  of 
the  rail  is  986  feet,  falling  again  to  965  feet  above  the  sea,  at  the 
end  of  the  profile  12  7  miles  from  Sudbury,  close  to  the  Gertrude 
mine.  To  the  northwest  of  this  hilly  tract  the  land  becomes  toler- 
ably level,  forming  a  plain  with  an  average  elevation  of  nearly  880 
feet  above  the  sea.   This  flat  belt  of  country  has  a  general  width  of 
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about  six  miles,  and  stretches  from  the  vicinity  of  Vermilion  lake,  in 
Fairbank  township,  almost  to  Wanapitei  lake,  a  distance  of  over  30 
miles.  The  whole  of  this  area  is  evidently  underlaid  by  the  slates 
and  feldspathic  sandstones  coloured  provisionally  as  of  possible  Cam- 
brian age,  but  this  rocky  floor  is  largely  concealed  by  a  thick  mantle 
of  drift,  through  which  protrude  occasional  low,  rounded  hummocks, 
which  alone  give  evidence  of  the  underlying  material. 

This  drift  is  composed  of  a  well  stratified  grey  clay,  unencum- 
bered for  the  most  part  by  boulders,  and  is  seemingly  well  adapted 
for  all  purposes  of  agriculture.  Roads  have  been  opened  and  large 
clearances  made  over  most  of  this  level  district,  the  various  barns 
and  buildings  erected  giving  strong  evidence  of  the  prosperity  of  this 
farming  community. 

To  the  south,  and  southeast  of  the  hilly  stretch  already  men- 
tioned, a  somewhat  irregular  shaped  and  comparatively  narrow  val- 
ley extends  from  the  vicinity  of  the  Worthington  mine  almost  to 
Wanapitei  lake,  wnere  it  connects  to  the  north  and  west  with  the 
extensive  plain  just  described.  The  continuity  of  this  comparatively 
level  tract  of  country  is  broken  at  certain  intervals,  as  for  instance 
near  the  crossing  of  the  Whitcfish  river,  but  the  whole  flat  may  be 
considered  as  belonging  to  one  valley,  with  a  gentle  though  percep- 
tible slope  towards  the  southwest.  In  the  township  of  McKim  this 
flat  has  an  average  general  elevation  of  about  845  feet  above  the  sea. 
From  Sudbury,  in  a  southwesterly  direction,  this  comparatively  level 
belt  has  been  utilized  in  the  location  of  the  '  Sault  Branch '  of  the 
Canadian  Pacific  railway,  while,  in  addition,  advantage  has  been 
taken  of  the  even  surface  in  erecting  most  of  the  buildings  included 
in  the  towns  of  Sudbury  and  Copper  Cliff.  In  the  township  of 
McKim  the  surface  of  this  flat  is  sometimes  broken  by  small  rocky 
hills,  find  the  considerable  areas  that  are  available  have  been  cleared 
and  are  now  under  cultivation  .  with  gratifying  results,  especially 
during  those  years  when  the  roasting  of  the  ores  at  the  mines  is  not 
proceeding  too  briskly. 

Throughout  McKim,  and  the  area  to  the  southwest  of  this  town- 
ship, the  soil  is  a  fine  silty  clay,  well  stratified;  but  to  the  northwest, 
in  the  township  of  Garson  and  beyond  the  limits  of  the  Sudbury 
sheet,  in  the  township  of  Falconbridge,  this  is  replaced  by  a  coarse 
yellow  sand,  with  gravel  in  certain  places,  the  whole  forming  a  light 
and  rather  poor  soil,  although  some  portions  of  it  are  now  being  used 
for  farming  purposes. 

To  the  east  and  southeast  of  Sudbury  the  district  is,  for  the  most 
part,  exceedingly  rough  and  hilly,  this  area  being  characterized  by  the 
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presence  of  quartzite,  with  large  and  irregular  intrusive  masses  of 
norite  and  diorite,  and  only  occasional  limited  flats  are  available  for 
agriculture. 

Perhaps  one  of  the  most  interesting  physical  features  presented 
by  this  district  is  the  narrow  valley  formed  by  the  weathering  of  the 
large  diabase  dike,  near  the  Murray  mine.  This  dike,  which  is  about 
150  feet  wide  at  this  point,  and  intruded  through  a  mass  of  granite, 
has  been  decomposed  and  considerably  eroded,  leaving  a  valley  the 
whole  width  of  the  dike,  with  perpendicular  walls  of  granite.  Thw 
very  conspicuous  feature  in  the  landscape  has  been  used  in  locating 
the  wagon  road  between  Sudbury  and  Azilda  (formerly  Rayside). 

The  influence  exerted  by  the  underlying  rock  on  the  general  con- 
tour of  the  ground  is  everywhere  well  exemplified  throughout  this 
district.  The  harder  igneous  and  quartzite  rocks,  owing  to  their 
greater  resistance  to  processes  of  weathering  and  erosion,  form  the 
higher  ridges,  while  the  more  fragile  slates,  sandstones  and  schists 
make  up  most  of  the  intervening  lower  ground,  occupied  chiefly  by 
the  river  valleys,  swamps  and  lake  basins.  The  area  covered  by  the 
main  mass  or  belt  of  norite  is  likewise  one  of  low  relief,  in  contrast 
with  the  other  igneous  rocks,  with  very  small  gently  rounded  hills, 
this  variety  of  rock  evidently  offering  no  very  effectual  resistance  to 
decomposition.  The  district,  as  a  whole,  is  not  as  abundantly  sup- 
plied with  lakes  as  many  other  areas  of  similar  Archaean  rocks,  but 
several  fairly  large  and  beautiful  lakes  occur,  and  nearly  all  are  sup- 
plied with  good  clear  water.  The  shores  and  islands  of  Ramsay  or 
Lost  lake  are  occupied  by  the  summer  residences  of  many  of  the  in- 
habitants of  Sudbury,  while  its  pure  clear  water  is  used  to  supply 
the  large  water  tank,  erected  for  the  water  works  on  one  of  the  rocky 
hills  east  of  the  town.  The  highest  lake  in  the  area  is  Garson  lake, 
which  is  923  feet  above  the  sea;  while  the  lowest  is  McCharles  lake, 
an  expansion  of  the  Vermilion  river,  which  has  an  altitude  above  the 
sea  of  760  feet. 

The  drainage  of  this  district  is  effected  through  three  important 
and  well  known  streams,  the  Wanapitei,  Spanish  and  Vermilion 
rivers,  the  whole  of  the  water  eventually  reaching  Georgian  bay  and 
Lake  Huron  through  these  channels.  The  Vermilion  river  with  its 
tributaries,  the  Whitefish  branch,  Levey  river,  and  Whitson  and  Fair- 
bank  creeks,  empties  the  water  of  nearly  the  whole  of  the  area  in- 
cluded in  the  two  map-sheets.  The  Vermilion  river  is  itself  a  branch 
of  the  Spanish  river,  joining  this  stream  near  the  boundary  between 
Mcrritt  nnd  Foster  townships,  about  ten  miles  southeast  of  the  corner 
of  the  Victoria  mines  map.   A  portion  of  the  Spanish  river,  known 
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as  the  *  Great  Bend/  crosses  the  corner  of  this  map-sheet,  receiving 
in  this  distance  the  whole  of  the  drainage  of  the  township  of  Drury, 
and  the  western  part  of  Denison  township.  The  branches  of  the 
Wanapitei  river  are  limited  to  the  eastern  parts  of  Garson  and  Neelon 
townships. 

The  whole*  area  was  once  covered  with  a  dense  forest,  but  repeated 
fires  have  destroyed  nearly  the  whole  of  this  original  growth,  and 
even  the  tall  rampikes,  which  often  alone  remain  as  the  silent  wit- 
nesses of  the  havoc  wrought  by  the  fire  fiend,  have  themselves  been 
gradually  cut  down  to  aid  in  kindling  the  heaps  of  roasted  ore. 
Occasional  small  areas,  as  for  instance  in  the  northern  part  of  Gar- 
son  and  the  western  part  of  Snider  and  Creighton  townships,  are  still 
covered  by  green  bush,  but  the  lumberman's  axe  is  quickly  clearing 
out  all  the  valuable  timber  that  remains,  while  the  constant  demand 
for  cord  wood,  as  fuel  for  the  roast  heaps,  will  still  further  limit  the 
forest  area.  Hardwood  is  scarce,  and  can  only  be  found  in  valleys, 
chiefly  in  the  vicinity  of  certain  streams.  Occasional  dwarf  oaka 
were  noticed  in  some  of  the  hollows  between  the  higher  ridges.  The 
second  growth  usually  consists  of  poplar  and  birch,  these  small  trees 
being  so  closely  packed  together  in  some  of  the  valleys  as  to  form 
almost  impenetrable  thickets. 

The  district,  as  a  whole,  cannot  be  said  to  be  suitable  for  agri- 
culture, and  must  rely  for  its  ultimate  importance  on  the  develop- 
ment of  its  mineral  resources.  The  proximity  of  the  mines  furnishes 
a  good  market,  so  that  every  flat  is  being  utilized  for  purposes  of 
farming. 

Qeology. 

The  rocks  of  the  Sudbury  mining  district,  arranged  in  the  pro- 
bable order  of  their  geological  age,  may  be  stated  as  follows,  in 
ascending  order. 

1.  Lower  Huronian.  No  rocks  of  this  age  are  at  present  known  in 
the  nickel  bearing  area,  but  this  period  is  represented,  in  part,  by  the 
banded  siliceous  magnetites  and  associated  rocks  of  the  townships  of 
Hutton  and  Wissner. 

2.  Upper  Huronian.  (A)  Diorites,  hornblende-porphyrites  and 
green  schists.  (B)  Conglomerates,  greywackes  and  quartzites  (C) 
norite  and  diorite  (Worthington  mine  belt,  and  areas  southeast  of 
Evans  mine  and  east  of  Sudbury). 

3.  Laurentian.  Granite  and  diorite-gneiss  near  Wanapitei  station. 

4.  Upper  Huronian?  Tuffs,  feldspathic  sandstones  and  slates 
classified  provisionally  on  previous  geological  maps  as  of  Cambrian 
age. 
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5.  Post  Huronian.  A.  Granites.  B.  Nickel  bearing  eruptive  of 
the  main  belt  (quartz-hypersthene-gabbro  or  norite,  diorite,  with  their 
peculiar  differentiation  product,  micropegmatite).  C.  Dikes  of  oli- 
vine diabase. 

6.  Pleistocene.   Clays  and  sands. 

The  geological  history  of  the  nickel  mining  area  proper,  or  that 
portion  of  the  Sudbury  district  which  is  included  in  the  accompany- 
ing map-sheets,  began  in  very  ancient  times,  and  most  of  the  rock9 
now  exposed  are  regarded  as  representative  of  what  is  known  as  the 
Huronian  period,  being  thus  the  oldest  with  which  geologists  are  at 
present  familiar.  The  detailed  examination  and  study  of  these  rocks 
have  furnished  abundant  evidence  of  the  almost  unexampled  vol- 
canic activity  then  prevailing,  caused  largely,  no  doubt,  by  the  in- 
stability of  the  earth's  crust  at  this  early  period  of  its  history.  These 
rocks  are  essentially  of  pyroclastic  origin,  consisting  mainly  of  tuffs 
of  both  acid  and  basic  types,  intimately  associated  with  more  or  less 
altered  basic  eruptives,  some  of  which  still  retain  much  of  their  ori- 
ginal massive  character,  although  by  far  the  larger  proportion  have 
undergone  such  profound  deformation  and  mctamorphism  that  it  Is 
exceedingly  difficult,  if  not  impossible,  even  with  the  assistance  of  tho 
microscope,  to  make  any  very  definite  or  accurate  statement  in  regard 
to  their  original  composition  and  structure.  Some  of  these  eruptives 
arc,  however,  probably  of  laccolithic  origin  and  intruded  along  the 
planes  of  bedding  of  the  enclosing  clastic  rocks,  while  many  of  the 
porphyrites  and  obscurely  amygdaloidal  forms  doubtless  represent 
surface  flows  of  lava  which  have  been  very  much  altered  and  decom- 
posed. 

With  the  establishment  of  conditions  of  more  stable  equilibrium 
came  a  time  when  the  higher  elevations  were  being  subjected  to  tho 
usual  processes  of  degradation  and  erosion,  with  the  transportation 
of  the  material  thus  detached  to  be  deposited  at  the  lower  levels, 
forming  the  conglomerates,  feldspathic  sandstones  and  quartzites  in- 
cluded in  the  above  table  as  Upper  Iluronian.  Even  this  period  of 
comparative  quiet  was  probably  interrupted  at  intervals  by  a  return 
of  the  volcanic  activity,  and  some  of  the  breccia-like  material  and 
certain  of  the  interbedded  greywackes  may  be  the  direct  results  of 
explosive  action.  Subsequent  to  the  formation  of  these  rocks  the 
huge  batholiths  of  granite  and  diorite-gneiss  classified  as  Lauren- 
tion,  and  occurring  in  the  vicinity  of  Wanapitei  station,  were  in- 
truded into  the  highest  or  quartzite  member  of  the  Upper  Huronian. 
Later  than  these  quartzites,  and  possibly  also  later  than  the  Lauren* 
tian  gneiss,  certain  masses  of  notrite  and  diorite,  among  which  may 
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be  mentioned  the  belt  on  which  the  Worthington  mine  is  located,  were 
intruded.  This  Worthington  mine  band  of  norite,  as  may  be  seen  by 
a  reference  to  the  map,  extends  across  the  southern  part  of  the  town- 
ship of  Denison,  forming  a  conspicuous  range  of  hills  a  short  dis- 
tance south  of  the  Canadian  Pacific  railway.  The  band  of  similar 
igneous  material  which  forms  the  high  lands  to  the  south  of  Mc-. 
Charles  lake  is  of  the  same  age,  as  also  its  probable  continuation  in 
the  large  belt  of  norite  and  diorite,  which  crosses  the  country  to  the 
southeast  of  the  Evans  mine.  This  same  band  of  intrusive  rock  con- 
tinues with  unbroken  continuity  northeast,  forming  a  considerable 
area  of  exceedingly  rough  country  east  of  Sudbury,  and  north  of  the 
Canadian  Pacific  railway,  besides  covering  a  considerable  portion  of 
tlie  northern  and  central  parts  of  Neelon  township. 

The  age  of  the  tuffs,  feldspathic  sandstones  and  slates  hitherto 
classified  provisionally  as  of  Cambrian  age,  and  so  coloured  on  all 
previous  geological  maps,  is  still  a  matter  of  considerable  doubt,  and 
much  more  detailed  work  and  critical  examination  of  the  area  charac- 
terize! by  the  presence  of  these  rocks  will  be  necessary  before  this  can 
bo  satisfactorily  settled.  They  apparently  form  a  synclinal  basin, 
resting  against  the  micropegmatite  phase  of  the  nickel  bearing  erup- 
tive, and  a  study  of  several  of  the  localities  where  the  junction  be- 
tween these  rocks  is  exposed  lends  some  support  to  the  belief  that 
the  micropegmatite  is  intrusive  through  the  tuff  or  breccia.  On  the 
other  hand,  it  seems  reasonable  to  suppose  that  all  of  these  rocks  are 
very  intimately  associated  in  regard  to  their  time  and  manner  of 
genesis. 

The  granites,  usually  referred  to  as  '  younger,'  are  decidedly  so,  in 
reference  to  the  older  diorites,  porphyrites  and  green  schists,  and  a 
rock  which  may  be  called  a  breccia,  formed  by  an  exceedingly  intri- 
cate intrusion  of  dikes  and  masses  of  granite  material  through  these 
basic  rocks,  covers  considerable  areas  throughout  this  district;  while 
even  the  main  mass  of  the  granite  batholith  frequently  contains  em- 
bedded fragments  and  masses  of  all  sizes  and  shapes  of  these  older 
greenstones. 

The  nickel  bearing  oruptive,  which  in  its  fresh  condition  is  now 
referred  to  as  a  quartz-hypersthene-gabbro  or  norite,  is  decidely  later 
than,  and  intrusive  through,  the  green  schists  and  associated  diorites. 
The  relations  between  the  so-called  'younger'  granite  is  much  more 
complex  and  anomalous.  For  the  most  part,  the  nickel  bearing  erup- 
tive has  cooled  against  the  granite,  as  may  be  seen  at  the  junction 
between  these  two  rocks,  on  the  west  side  of  the  large  pit  known  as 
the  No.  2  mine  at  Copper  Cliff.  Here  the  norite  is  distinctly  finer 
in  grain  at  the  immediate  point  of  contact,  this  rock  growing  visibly 
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coarser  farther  away  from  the  line  of  junction.  This  cooling  of  the 
norite  against  the  granite,  and  the  production  of  a  finer-grained  or 
chilled  selvage,  is  especially  well  seen  in  the  vicinity  of  the  openings 
made  by  the  Vivians  on  lot  9,  concession  VI,  of  McKim  township. 
On  the  other  hand,  in  some  localities,  certain  dikes  or  apophyses  of 
the  granite  seem  to  penetrate  the  norite,  as  may  be  noticed  along  the 
line  of  junction  to  the  northwest  of  No.  2  mine,  at  Copper  Cliff; 
while  the  intrusive  nature  of  the  granite,  and  its  apparently  later  age 
in  relation  to  the  norite,  is  quite  marked  to  the  north  of  Clarabelle 
lake,  where  the  line  of  junction  between  the  two  rocks  is  well  exposed 
for  a  considerable  distance.  Besides,  near  the  Creighton  mine,  the 
granite  becomes  decidedly  more  basic  in  the  vicinity  of  the  norite, 
and  a  certain  zone  or  belt  is  formed  by  the  commingling  of  the 
material  of  both  rocks,  as  a  result  of  actual  fusion.  It  has  been  sug- 
gested that  the  granite  and  norite  may  have  been  differentiates  of  the 
same  magma,  but  a  more  reasonable  explanation  would  seem  to  be 
that  their  periods  of  intrusion  were  so  closely  synchronous  that  they 
overlapped  in  their  time  of  crystallization,  and  that  the  later  secre- 
tions from  the  slower  cooling  granite  magma  forced  or  ate  their  way 
into  the  norite  in  certain  places. 

The  olivine-diabase  dikes  cut  through,  and  are,  therefore,  later 
than  all  the  rocks  with  which  they  have  been  noticed  in  contact. 
Their  mineralogical  composition  is  essentially  the  same  as  the  dikes 
of  diabase-porphyrite  in  the  Lake  Superior  district,  which  latter  have 
been  regarded  as  the  channels  by  which  the  Eeweenawan  lavas 
reached  the  surface. 

(2.)  Upper  Huronian. 

(a.)  greenstone  schists. 

It  has  been  the  general  practice  in  previous  reports  of  this  and 
other  Archaean  areas  to  employ  the  somewhat  vague  and  indefinite 
term  'greenstone,'  the  common  field  name  for  certain  basic  eruptive 
rocks,  often  more  or  less  altered  and  deformed.  In  the  present  report 
this  term  has  been  retained  as  the  most  appropriate  and  convenient 
designation  for  certain  very  ancient  basic  intrusives,  presenting  every 
possible  phase  of  metamorphism  and  deformation.  Under  the  general 
heading,  '  greenstone  schists,'  are  included  several  varieties  of  diorite, 
porphyrite,  hornblende  and  chlorite  schists.  They  are  undoubtedly 
the  oldest  rocks  with  which  we  have  at  present  any  acquaintance  in 
the  district  Their  usual  occurrence  in  intimate  association  with  the 
more  massive  and  uniform  norite,  in  addition  to  their  general  litho- 
logical  appearance  and  behaviour,  especially  the  more  massive  types, 
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were  the  main  reasons  for  grouping  these  rocks  together,  under  the 
same  colour  designation,  on  all  the  earlier  geological  maps.  In  these 
first  examinations  such  rocks  were  regarded  as  the  sheared  and 
altered  representatives  of  the  more  massive  norites,  the  latter,  by 
some  fortunate  circumstance  or  series  of  circumstances,  having 
escaped  this  extreme  of  deformation  and  metamorpkism.  Later  exa- 
minations have,  however,  revealed  the  fact,  that  in  most  cases  at 
least,  these  more  or  less  foliated  and  schistose  basic  eruptive  rocks 
are  distinctly  older  in  age,  and  were  upturned,  faulted,  folded  and 
considerably  metamorphosed  at  some  time  prior  to  the  intrusion  of 
the  nickel  bearing  eruptive  proper.  Careful  and  detailed  work  never 
fails  to  reveal  the  presence  of  a  distinct  line  of  separation  between 
these  two  classes  of  igneous  rocks,  and  the  importance  of  accurately 
tracing  out  and  mapping  such  a  boundary,  from  an  economic  point 
of  view,  is  especially  emphasized,  when  it  is  remembered"  that  all  the 
deposits  of  nickel  and  copper  ores,  which  are  commercially  valuable, 
are  located  either  in  the  immediate  neighbourhood,  or  at  various 
points  directly  on  the  line  of  junction  between  the  norite  and  the 
associated  rocks. 

The  least  altered  representatives  of  these  older  diorites,  or  more 
massive  varieties  of  the  older  greenstones,  can  with  difficulty  be  dis- 
tinguished from  the  prevailing  type  of  diorite  (altered  norite),  with 
which  the  nickel  and  copper  deposits  occur,  and  it  is  impossible  to 
resist  the  conclusion  that  both  rocks  have  originated  from  precisely 
similar  types.  The  difference  in  age,  however,  is  quite  evident  from 
their  field  relations,  and  although  both  pyrrhotite  and  chalcopyrite 
occur  in  these  earlier  basic  rocks,  no  deposits  of  economic  importance 
have  been  found  in  association  with  them  at  any  great  distance  from 
the  line  of  junction  with  the  younger  norite  or  diorite. 

Most  of  the  hand  specimens  examined  of  the  more  massive  types 
of  these  older  rocks  are  considerably  finer-grained  than  the  neigh- 
bouring norite,  and,  in  contrast  to  this  rock,  are  decidedly  greenish 
rather  than  greyish  or  blackish  in  colour.  Most  of  the  outcrops  may 
be  referred  to  as  '  gabbro-diorite,'  a  name  proposed  by  the  late  Prof. 
G.  H.  Williams  for  a  diorite  which  gives  unmistakeable  evidence  in 
the  hornblende  of  its  derivation  from  pyroxene,  originally  present. 
Some  exposures  exhibit  the  ophitic  or  interlacing  structure  charac- 
teristic of  diabase,  which  is  often  discernible  either  to  the  unaided 
eye,  or  with  the  assistance  of  an  ordinary  pocket  lens,  and  the  rock 
in  which  the  structure  is  developed  would  be  referred  to  as  uralitic 
diabase. 

Mineralogically,  as  represented  by  the  thin  sections  examined 
under  the  microscope,  the  rock  is  now  composed  essentially  of  plagio- 
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clase  and  hornblende,  and  no  portion  of  the  original  pyroxene  has 
yet  been  detected.  The  plagioclase,  in  all  cases  where  the  rock  is 
sufficiently  fresh  for  identification,  is  labradorite,  and  in  those  speci- 
mens which*  have  suffered  least  from  metamorphism  this  mineral 
occasionally  has  a  pale  brownish  tint,  the  colouring  matter  (presum- 
ably very  finely  disseminated  ilmenite),  being  rather  unevenly  dis- 
tributed through  the  various  individuals,  with  cloud-like  effect.  Pres- 
sure and  advancing  decomposition,  however,  seem  to  quickly  destroy 
or  remove  all  traces  of  this  colouring  matter,  so  that,  with  few  excep- 
tions, the  feldspar  is  nearly,  if  not  quite  colourless.  As  a  rule,  the 
plagioclase  has  undergone  more  or  less  advanced  saussuritization,  but 
some  individuals  are  still  sufficiently  fresh  to  permit  of  their  recogni- 
tion by  means  of  the  extinction  angles.  All  stages  in  this  characteris- 
tic alteration  of  the  basic  plagioclase  are  represented  in  the  specimens 
collected  and  examined,  but  this  has  been  so  fully  described  in  pre- 
vious publications  that  only  a  brief  mention  is  necessary  in  this  con- 
nexion. The  first  step  in  the  decomposition  of  the  original  feldspar 
consists  in  the  development  of  minute  scales  of  sericite,  and  fine 
needle-like  forms  of  epidote  and  zoisite  in  the  midst  of  the  plagio- 
clase substance.  Another,  'and  very  frequent  form  of  development  of 
these  secondary  minerals,  consists  of  grape-like  bunches  of  finely 
granular  saussuritic  material,  chiefly  zoisite  or  epidote,  whose  coales- 
cence ultimately  produces  a  single  larger  individual,  or  aggregate  of 
several  individuals  of  these  minerals.  One  of  the  more  advanced 
stages  in  this  process  of  decomposition  of  the  feldspar  consists  in  the 
complete  obliteration  of  the  twinning  lamella;,  and  the  replacement, 
either  wholly  or  in  part,  of  the  plagioclase  substance,  by  a  brilliantly 
polarizing  aggregate,  made  up  chiefly  of  sericite,  epidote  and  zoisite. 
In  occasional  instances  the  place  of  the  feldspar  is  taken  by  a  colour- 
less or  pale  yellowish  saussurite,  which  polarizes  in  dull  bluish  tints. 
This  substance  is  usually  so  fine-grained  that  it  cannot  with  certainty 
be  resolved  into  its  component  minerals,  even  with  the  assistance  of 
the  higher  powers  of  the  microscope.  Some  of  the  coarser  portions 
of  this  substance  were  examined  rather  critically,  with  the  result  that 
zoisite,  sericite,  a  little  calcite  and  a  secondary  plagioclase,  possibly 
albite,  were  recognized  as  contributing  to  the  aggregate.  Still  another 
form  of  alteration  of  the  original  feldspar,  and  one  often  accompany- 
ing the  more  usual  saussuritization,  consists  in  the  replacement  of 
part  of  the  original  feldspar  by  a  fine  interlocking  mosaic  of  a  clear, 
sharply  extinguishing,  secondary  feldspar  (albite)  and  quartz. 

The  hornblende  is,  as  a  rule,  the  usual  deep  green,  strongly  pleo- 
chroic,  compact  variety,  occurring  in  long,  imperfectly  developed 
prismatic  forms.    Occasionally  the  fibrous  or  actinolitic  variety  is 
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represented,  much  paler  in  colour,  and  with  leas  pronounced  pleo- 
chroism.   Many  of  the  individuals  of  this  mineral  show  the  pale  col- 
oured, more  or  less  non-pleochroic  interiors,  with  deep  coloured,  much 
more  compact,  and  strongly  absorptive  borders  characteristic  of  ural- 
ite.   Portions  of  occasional  crystals  show  a  brownish  colour,  but  even 
these  have  a  decided  greenish  tinge.    Biotite  is  almost  invariably 
present,  and  usually  in  large  amount.   It  is  of  the  usual  deep  brown 
colour,  showing  strong  differences  in  the  absorption  of  light  when 
rotated  between  crossed  nicols.    It  occurs  in  plates  and  scales,  fre- 
quently embedded  in,  and  sometimes  forming  intricate  parallel  inter- 
growths  with  the  hornblende.    It  has  often  undergone  considerable 
'  bleaching,'  and  is  then  somewhat  paler  in  colour  than  usual,  besides 
showing  brilliant  chromatic  polarization  between  crossed  nicols.  In 
spite  of  the  elimination  of  a  considerable  portion  of  the  iron  the 
pleochroism,  as  stated,  is  still  very  pronounced.    It  often  contains 
irregular  grains  of  magnetite.  Both  the  hornblende  and  biotite  show 
frequent  decomposition  to  chlorite.   '  Pleochroic  halos,'  surrounding 
embedded  small  grains  or  crystals,  chiefly  of  sphene,  are  frequent  in 
both  the  hornblende  and  biotite,  as  well  .as  in  the  chlorite  derived 
from  them.   Comparatively  large  and  sharply  defined  crystals  of  epi- 
dote  and  zoisite  occur,  some  of  which  may  be  of  primary  origin, 
although  by  far  the  larger  proportion  are  undoubtedly  the  secondary 
products  of  decomposition.   Quartz  is  almost  invariably  present,  occa- 
sionally forming  the  characteristic  granophyric  intergrowth  with  the 
feldspar.   In  most  cases  it  is  not  of  secondary  origin,  but  an  integral 
part  of  the  same  magma  out  of  which  the  other  minerals  have  been 
formed.   It  was  as  usual  the  last  mineral  to  form,  filling  up  the  irre- 
gular interspaces  left  by  the  crystallization  of  the  other  constituents. 
Ilmenite  and  highly  titaniferous  magnetite  are  the  prevailing  iron 
ores,  and  these  arc  present  often  in  comparatively  large  amount. 
Most  of  the  individuals  are  surrounded  by  opaque  greyish  leucoxene, 
or  the  more  normal  sphene,  resulting  from  the  alteration  of  the  titan- 
iferous iron  ore.   Apatite  is  usually  present  in  small  amount,  occur- 
ring in  the  characteristic  long,  acicular,  prismatic  forms,  which  pierce 
all  the  other  constituents  of  the  rock.    Pyrrhotite,  chalcopyrite  and 
pyrite  frequently  occur  disseminated  through  the  rock,  and  under 
the  microscope  are  seen  to  form  curious  irregular  skeleton  or  sponge- 
like masses,  intimately  associated  with,  and  frequently  embedded  in 
the  coloured  constituents. 

These  diorites  occur  in  all  stages  of  decomposition,  while  still 
retaining  much  of  their  original  massive  character.  A  type  illustra- 
tive of  perhaps  the  extreme  of  this  alteration  is  well  represented  by  a 
hand  specimen  obtained  from  the  tunnel  in  'Lake  Hill,'  lot  8,  con. 
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IV,  of  Denison.    This  rock  is  a  fine-grained,  comparatively  light 
greenish -grey,  diahasic  rock,  with  occasional  fine  disseminations  of 
pyrrhotite  and  chalcopyrite.    The  thin  section  shows  that  all  of  the 
hornblende  and  part  of  the  biotite  have  been  altered  into  green  chlo- 
rite, which  retains  much  of  the  strong  pleochroism  characteristic  of 
the  original  minerals  from  which  it  has  been  derived.   The  ilmenite 
has  been  almost  wholly  converted  to  sphene,  which  occurs  in  irregular 
grains  and  crystals.    Calcite  is  very  abundant,  and  portions  of  tho 
slide  are  made  up  of  a  rather  coarse  mosaic  of  quartz  and  calcite, 
with  a  smaller  proportion  of  chlorite.    As  a  rule,  these  old  diorites 
are  comparatively  uniform  in  grain,  but  porphyritic  varieties  occur, 
and  a  good  example  of  this  phase  was  collected  from  certain  small 
rounded  hummocks,  on  the  west  side  of  the  upper  or  new  roast  yard 
of  the  Victoria  mines,  (N.  X  lot  8,  con.  Ill,  Denison).    The  hand 
specimen  shows  a  comparatively  coarse-grained  rock,  made  up  of  in- 
definite or  irregular  phenocrysts  of  dark  green,  almost  black  horn- 
blende, embedded  in  a  proportionately  smaller  amount  of  a  compara- 
tively fine-grained  matrix,  which  is  rather  paler  in  colour.  The  micro- 
scope shows  the  rock  to  be  a  porphyritic  diorite,  made  up  very  largely 
of  a  green,  feebly  pleochroic  hornblende.   Much  of  the  hornblende  is 
compact,  but  in  the  finer-grained  portions  of  the  rock,  as  well  as  in 
the  terminations  of  the  larger  crystals,  the  mineral  shows  a  marked 
tendency  to  assume. the  actinolite  habit.   The  interspaces  between  the 
larger  porphyritic  individuals  are  made  up  of  saussuritized  plagio- 
clase,  actinolite  and  ilmenite,  the  latter  mineral  in  various  stages  of 
alteration  to  leucoxene.    Occasional  small  scales  of  biotite  may  be 
•  noticed  embedded  in  the  hornblende. 

Another  closely  related  rock  is  that  which  is  usually  referred  to 
as  '  hornblende-porphyrite.'  This  type  of  rock  is  perhaps  best  illus- 
trated by  outcrops  occurring  to  the  southeast  of  the  Elsie  mine,  while 
tho  steep  and  prominent  hill  southeast  of  the  office  at  the  Murray 
mine,  is  almost  wholly  made  up  of  this  material.  The  groundmass 
is  much  finer  in  grain  than  in  the  porphyritic  diorite  just  described, 
but  the  phenocrysts  are  usually  considerably  larger  and  more  con- 
spicuous, their  deep  green,  almost  black  colour,  with  glistening 
cleavage  planes,  contrasting  well  with  the  fine-grained  and  lighter 
coloured  matrix  made  up  largely  of  hypersthene  with  some  feldspar. 
Still  another  closely  related  form,  and  one  which  may  be  included 
in  the  general  class  of  the  older  and  more  massive  greenstones,  may 
perhaps  be  best  described  as  a  '  diorite-porphyrite.'  The  best  ex- 
amples of  this  type  of  rock  were  obtained  from  exposures  outcropping 
a  little  north  of  the  boundary  between  Graham  and  Creighton  town- 
ships, on  lot  2,  con.  T,  of  Creighton  township.    The  hand  specimen 
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shows  a  dark-green,  rather  schistose,  dioritic  rock,  with  ill-defined 
phenocrysts  of  plagioclase,  some  portions  of  which  are  of  a  paler 
yellowish -green  colour,  while  other  parts  of  the  same  crystal  are  red- 
dish. Under  the  microscope  the  thin  section  shows  that  these  large 
irregular  phenocrysts  are  labradorite,  which  have  undergone  more  or 
less  advanced  alteration  to  saussurite  or  huronite,  with  the  develop- 
ment of  zoisite,  epidote  and  sericite.  The  reddish  portions  of  the 
crystals  are  comparatively  unaltered  and  still  show  the  twinning 
lamella?.  The  finer  interstitial  matter  is  made  up  essentially  of  green 
hornblende  and  plagioclase.  Some  of  these  individuals  show  the  pale 
interiors  and  comparatively  dark-green  borders  usually  considered  as 
characteristic  of  uralite.  Most  of  the  plagioclase  has  undergone  more 
or  less  advanced  saussuritization.  The  iron  ore  present  is  mainly 
ilmonite,  for  it  may  be  seen  undergoing  alteration  to  leucoxene. 
A  little  quartz  is  present,  and  also  an  occasional  scale  of  biotite. 

Very  frequently  these  more  massive  types  pass  into  foliated  schis- 
tose varieties,  the  structures  being  the  direct  result  of  pressure  and 
stretching,  and  all  gradations  may  frequently  be  observed  in  tha 
same  rock  exposure,  from  the  massive  gabbro-diorite,  through  diorite 
schist,  hornblende  schist  or  amphibolite,  to  actinolite  and  chlorite 
schist.  The  prevailing  type  of  hornblende  schist  or  amphibolite  is  a 
dark-green  to  almost  black,  usually  glistening  and  very  fissile  rock. 
It  is  made  up  largely  of  slender  prisms  of  the  common  green  horn- 
blende, usually  compact  and  strongly  pleochroic,  but  sometimes  actin- 
olitic,  a  varying  but  usually  small  amount  of  plagioclase  and  quartz 
occupying  interspaces  between  the  rudely  parallel  individuals.  In  the 
less  altered  varieties  the  original  plagioclase  still  remains,  although 
usually  more  or  less  saussuritized,  but  some  specimens  examined  are 
seen- to  have  undergone  more  or  less  complete  recrystallization,  with 
the  formation  of  an  interlocking  mosaic  of  water-clear,  usually  un- 
striated  plagioclase  (albite  t)  and  quartz.  Biotite  is  almost  invariably 
present,  and  the  iron  ore  is  sometimes  ilmenite,  or  highly  titaniferous 
magnetite,  the  grains  of  this  mineral  being  bordered  with  sphene. 
In  other  instances  the  iron  ore  is  simply  magnetite,  showing  no 
traces  of  alteration  and  this  mineral  is  often  present  in  large  quan- 
tity. Pyrrhotite,  chalcopyrite  and  pyrite  are  sometimes  disseminated 
through  the  rock  in  small  grains,  and  in  the  vicinity  of  the  ore- 
bodies  these  sulphides  are  often  abundantly  present  in  this  type  of 
rock.  Some  exposures  of  these  rocks  are  made  up  almost  entirely  of 
hornblende.  The  thin  section  of  a  specimen  secured  from  Cryder- 
man  mine,  (lot  5,  con.  Ill,  Garson)  showed  this  rock  to  be  made  up 
of  hornblende  individuals  closely  compacted  together,  with  no  inter- 
vening feldspar  or  quartz.   Magnetite  is  abundant,  while  pyrrhotite 
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and  chalcopyrite  are  thickly  disseminated  through  the  rock.  Some 
phases  of  these  hornblende  schists  are  sometimes  so  badly  decom- 
posed that  only  occasional  cores  of  the  hornblende  crystals  have  sur- 
vived, the  remainder  having  been  converted  into  chlorite.  The  plagio- 
clase  and  quartz  present  in  these  rocks  are  often  indistinguishable 
from  one  another,  the  former  being  the  clear,  often  unstriated  variety 
(albite),  so  characteristic  of  these  recrystallized  eruptives.  Biotite 
is  present  in  much  smaller  amount,  and  has  likewise  contributed  by 
its  alteration  to  the  formation  of  the  abundant  chlorite.  Epidote  and 
calcite  are  also  present  in  comparatively  large  amount,  as  secondary 
products  of  decomposition.  Magnetite  is  plentiful,  and  much  of  it 
is  undoubtedly  of  secondary  origin.  These  rocks  are  usually  much 
paler  in  colour  than  the  prevailing  and  less  decomposed  varieties  of 
amphibolite. 

In  certain  localities  these  hornblende  schists  were  noticed  to  con- 
tain numerous  small,  irregularly  oval,  light-coloured  patches  or 
'  augen,'  sometimes  made  up  almost  entirely  of  plagioclase,  or  this 
mineral  in  association  with  an  equal  or  even  greater  quantity  of 
quartz,  while  in  certain  instances  quartz  alone  is  present.  These  are 
of  various  sizes  and  shapes,  but  they  are  usually  less  than  a  quarter 
of  an  inch  in  diameter,  and  most  of  them  are  about  the  size  of  an 
ordinary  pea.  In  certain  instances  some  of  the  larger  of  these  areas 
seemed  to  be  made  up  of  a  single  imperfect  phenocryst  of  plagioclase, 
but  a  study  of  the  slides  usually  shows  a  mosaic  made  of  several  dis- 
tinct interlocking  grains  of  this  mineral,  together  with  a  varying 
amount  of  quartz.  The  rock,  at  first  sight,  suggests  an  amygdaloid, 
with  the  amygdules  or  vesicles  filled  with  this  quartzo-feldspathic 
material,  but  a  more  reasonable  explanation  suggests  their  probable 
origin  as  small,  more  or  less  continuous  veins  of  pegmatite  which 
have  become  thus  deformed  and  separated  as  a  result  of  stretching. 
The  structure  is  of  rather  frequent  occurrence  and  characteristic  of 
comparatively  large  areas  of  the  amphibolite.  Similar  rocks  have 
been  noticed  by  Dr.  Coleman  as  occurring  in  the  vicinity  of  the 
Frood  mine,  while  in  the  central  part  of  the  township  of  Graham  the 
writer  has  collected  several  specimens  from  the  N.  ^  lot  8,  con.  Ill, 
and  the  N.  i  lot  1,  con.  IV,  of  this  township.  The  matrix  in  which 
these  small  eye-like  forms  are  developed  shows  a  fine-grained  horn- 
blende schist  made  up,  in  great  part,  of  compact,  dark-green,  strongly 
pleochroic  hornblende,  together  with  a  little  biotite.  In  the  specimen 
from  the  N.  i  lot  1,  con.  IV,  of  Graham,  the  quartz  and  feldspar  of 
many  of  the  '  augen '  contain  small  scattered  individuals  of  horn- 
blende, zoisite  and  biotite. 
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Another  type  of  rock,  which  was  noticed  at  two  widely  separated 
localities,  intimately  associated  with  these  amphibolites,  is  a  dark- 
grey,  almost  black,  faintly  glistening  schistose  rock.  The  thin  sec- 
tion of  a  specimen  obtained  near  the  openings  on  lot  12,  con.  IV,  of 
Denison,  shows  a  fine-grained  aggregate  of  pale-coloured  or  '  bleached ' 
biotite,  with  a  much  smaller  amount  of  plagioclase.  Small  grains  of 
sphene  are  abundant,  and  also  irregular  fragments  of  calcite. 

Another  variety  of  the  same  rock  is  represented  by  a  specimen 
obtained  near  the  Century  Copper  mine,  on  the  N.  X  lot  4,  con.  IV, 
of  Graham.  It  contains  frequent  disseminations  of  pyrrhotite, 
pyrite  and  chalcopyrite,  and  in  addition  to  the  plagioclase  contains 
a  considerable  amount  of  quartz.  The  biotite,  which  is  in  fairly 
large  plates,  is  '  bleached 9  with  frequent  pleochroic  halos,  surround- 
ing certain  of  the  smaller  inclusions,  which  are  abundant,  and  in- 
clude sphene,  epidote  and  zoisite. 

Occasionally  these  amphibolites  contain  garnet,  which  is  some- 
times abundant,  and  often  in  large,  ill-defined  or  rounded  crystals. 
The  most  striking  example  of  such  a  rock  is,  doubtless,  that  occurring 
in  the  vicinity  of  the  Vermillion  mine,  (lots  5  and  6,  con.  IV,  of 
Denison).  The  matrix  shows  the  prevailing  fine-grained,  dark-green 
schist,  in  which  rounded  crystals  of  reddish  garnet,  sometimes  two 
inches  in  diameter,  are  developed.  The  matrix  is  made  up  principally 
of  hornblende  and  quartz.  The  garnet  is  quite  normal,  but  is  much 
cracked  and  slightly  seamed  with  green  chlorite,  which  has  resulted 
from  its  incipient  alteration.  It  was  also  noticed  to  contain  inclu- 
sions of  magnetite  and  quartz. 

There  can  be  little  doubt  in  regard  to  the  origin  of  most  of  these 
older  greenstones  that  they  represent  greatly  decomposed,  sheared, 
and,  at  times,  completely  recrystallized,  basic  eruptives,  but  there  is 
still  considerable  doubt  regarding  the  exact  conditions  attending  the 
genesis  of  certain  other  types  of  rocks,  which  are  intimately  asso- 
ciated with,  and  usually  included  in  these  greenstones.  Some  of 
these  show,  though  somewhat  indistinctly,  the  ellipsoidal  and  amygda- 
loidal  structures  characteristic  of  lava  flows,  while  others,  again,  are 
almost  certainly  of  a  pyroclastic  nature,  representing  consolidated 
beds  of  volcanic  ashes  and  fine  agglomerates,  but  all  of  these  have 
been  so  greatly  squeezed  and  stretched  that  their  precise  identifica- 
tion is  extremely  difficult,  if  not  impossible.  Some  portions  of  the 
sedimentary  rocks,  chiefly  quartzites  and  greywackes,  are  included  in 
these  areas  of  greenstones.  In  some  instances  these  clastic  rocks, 
which  have  thus  been  caught  up  in  the  greenstone,  are  sufficiently 
large  to  permit  of  being  separated  on  the  map,  but,  for  the  most  part, 
they  are  comparatively  small,  and  have  been  included  under  the  same 
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colour  as  the  greenstone.  All  of  theae  clastic  rocks  are  greatly  meta- 
morphosed. The  tuffs  or  greywackes  are  now  made  up  chiefly  of  clear 
feldspar,  with  a  smaller  proportion  of  quartz,  the  former  mineral 
being  largely  altered  to  sericite;  hiotite,  chlorite  and  magnetite  or 
ilmenite  are  the  most  abundant  minerals  represented.  Often  decrys- 
tallization  has  been  so  advanced  that  no  traces  of  their  detrital  origin 
remain.  The  quartzites  are  of  the  usual  feldspathic  variety,  the  com- 
ponent grains  only  occasionally  revealing  traces  of  water  action,  the 
structure,  for  the  most  part,  being  eminently  interlocking. 

(2.)  Upper  Huronian. 

B.  CONGLOMERATES,  FELDSPATHIC  SANDSTONES  AND  QUARTZITES. 

Although  a  large  proportion  of  the  rocks  included  as  Huronian  in 
the  Sudbury  district  are  the  direct  result  of  igneous  action,  consid- 
erable areas  are  underlaid  by  others  of  undoubtedly  sedimentary 
origin.  While,  however,  the  various  types  of  these  rocks  have  been 
studied  in  considerable  detail,  so  that  their  precise  mineralogical 
composition  is  well  understood,  their  stratigraphical  position  has  not 
been  determined  as  satisfactorily  as  might  be  desired,  as  only  a  com- 
paratively limited  time  could  be  spared  from  the  work  of  examining 
and  delimiting  the  more  important  eruptives  directly  associated  with 
the  ore  bodies.  The  geological  succession,  therefore,  advocated  in  this 
report,  is  not  based  on  an  extended  or  critical  study  of  the  field  rela- 
tions of  these  rocks,  and  much  more  exhaustive  work  will  be  neces- 
sary before  a  final  and  authoritative  utterance  is  possible  on  this 
point.  Some  difficulties  which  presented  themselves,  during  oven  the 
preliminary  investigations  undertaken  by  the  writer,  may  be  men- 
tioned briefly.  In  the  first  place  all  the  rocks  of  the  district  have 
been  greatly  disturbed,  so  that  the  originally  horizontal  strata  are 
now  tilted  at  very  high  angles,  in  some  instances  having  assumed  a 
vertical  attitude,  and,  occasionally,  having  even  been  overturned  as  a 
result  of  the  mechanical  stresses  to  which  they  have  been  subjected. 
In  some  cases,  and  over  extended  areas,  the  rocks  have  been  so  meta- 
morphosed that,  the  planes  of  original  sedimentation  are  more  or  less 
completely  masked,  or  even  destroyed  altogether,  thus  rendering  it 
very  difficult,  if  not  impossible,  to  interpret  the  true  structure  or  suc- 
cession. In  addition,  the  situation  is  further  complicated,  and  a  satis- 
factory explanation  delayed,  by  reason  of  the  frequent  development 
of  certain  secondary  structures  due  to  intense  and  prolonged  pressure 
and  stretching.  The  foliated,  schistose  or  slaty  structures,  thus  in- 
duced, are  frequently  mistaken  for  bedding  planes,  although  usually 
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forming  considerable  angles  with  them.  Besides,  the  continuity  of 
the  areas  of  the  clastic  rocks  is  frequently  broken  by  the  intrusion 
of  irregular  masses  of  igneous  material,  which  not  only  greatly  dis- 
turbed and  obscured  the  original  order  of  deposition,  but  divide  these 
sedimentaries  into  a  number  of  separate  basins,  whose  satisfactory 
correlation  can  only  be  unravelled  by  much  more  detailed  study  than 
the  present  opportunity  afforded  the  writer.  At  this  stage,  therefore, 
the  succession  favoured  in  this  report  is  not  offered  without  a  certain 
degree  of  hesitation,  although  it  is  without  doubt  a  much  more  com- 
plete and  satisfactory  classification  than  any  which  has  yet  been 
attempted.  With  the  exception  of  one  or  two  minor  points  it  differs 
in  no  essential  particular  from  the  scheme  offered  by  Dr.  Coleman 
in  his  last  report,  (*)  and  we  both  agree  in  advancing  the  opinion, 
that  the  intrusion  of  the  nickel  bearing  norite  took  place  at  a  much 
later  date  than  formerly  supposed.  It  is  confidently  expected,  how- 
ever, that  Dr.  Coleman,  as  a  result  of  the  later  work  he  is  now  con- 
ducting in  the  district,  will  decide  many  of  the  questions  which  are 
still  a  matter  of  opinion  and  conjecture,  and  the  appearance  of  his 
monograph  is  accordingly  awaited,  with  the  expectation  that  this 
question  of  succession,  especially,  will  receive  full  and  satisfactory 
treatmont. 

The  oldest  clastic  rocks  exposed  in  the  vicinity  of  Sudbury  are 
certain  feldspathic  sandstones  or  greywackea,  frequently  interbedded 
with,  and  passing  by  insensible  gradations  into  feldspathic  quartzites 
or  arkoses,  the  latter,  for  the  most  part,  being  the  later  rocks,  and 
usually  forming  the  summit  of  the  series.  These  rocks  are  evidently 
closely  related,  the  main  point  of  difference  noticed  consisting  in  the 
relatively  coarse  grain  and  large  amount  of  quartz  in  the  quartzites, 
with  less  of  the  finer-grained  interstitial  material,  this  being  made 
up,  for  the  most  part,  of  the  lighter  coloured  decomposition  product 
sericite,  while  in  the  greywacke  the  texture  is  finer,  and  feldspar,  not 
quartz,  is  the  predominant  constituent.  Chlorite,  with  innumerable 
fine,  disseminated  particles  of  opaque  matter,  gives  the  prevailing  dark 
colour  to  the  rock.  The  quartzites,  for  the  most  part,  occur  in  thick, 
massive  beds,  which  are  very  uniform  in  mineralogical  composition, 
while  the  greywackes  are  much  more  distinctly  and  evenly  stratified, 
and  certain  shales  and  slates  exposed  in  the  district  are  evidently 
thinly  bedded  varieties  of  this  rock.  All  intermediate  stages,  both  in 
composition  and  structure,  may  be  noticed  between  these  two  types  of 
rock,  which,  at  the  two  extremes,  are  quite  distinct  and  recognizable. 


(1)  Ann.  Rep.  Bur.  of  Mines,  Ont..  1903.  p.  298. 


Digitized  by  Google 


UFPER  HURONIAN 


63 


Comparatively  large  areas  are  characterised  by  the  prevalence  of  one 
or  other  of  these  rocks. 

Some  of  the  greywackes  are  evidently  of  the  nature  of  muddy  sedi- 
ments deposited  in  water,  as  a  result  of  ordinary  conditions  of  degra- 
dation and  deposition,  but  tuffs  constitute,  by  far,  the  larger  part, 
representing  the  consolidation  of  what  was  originally  volcanic  ashes, 
being  one  of  the  results  of  the  explosive  action  to  which  is  due  the 
presence,  at  the  surface,  of  the  great  belts  of  greenstone.  These  have, 
in  most  cases,  been  sorted  and  re-arranged  by  the  action  of  water, 
but,  in  other  instances,  little  or  no  trace  of  rounding  action  can  be 
detected  in  the  component  grains,  even  in  those  types  which  have 
suffered  little  or  no  alteration.  These  rocks  are  usually  of  a  dark- 
grey,  purplish-brown,  or  greenish-grey  colour.  They  are  often  evenly 
and  very  distinctly  banded,  in  varying  shades  of  grey.  Jointing  is 
frequent  and  also  slaty  cleavage.  They  are  often  faulted  and  shat- 
tered, and  in  the  vicinity  of  the  various  greenstone  masses  are  pene- 
trated and  altered  by  irregular  tongues  and  masses  of  the  basic 
igneous  material.  They  are  frequently  porphyritic,  and  usually  the 
phenocrysta  are  small,  very  thickly  disseminated,  and  of  a  very  pale- 
greyish  or  whitish  colour.  For  this  reason  the  rock  has  been  referred 
to,  in  the  field,  as  '  rice  rock.'  These  phenocrysts  were  probably 
andalusite  or  staurolite,  but  the  skeleton-forms  are  now  occupied  by  a 
confused  aggregate  of  minute  sericite  scales  and  quartz.  Other  ex- 
posures show  small  yellowish-brown  spots  made  up  of  rutile,  while 
others  again  exhibit  irregular  phenocrysts  of  hornblende,  now  wholly 
replaced  by  chlorite.  Thin  sections,  examined  under  the  microscope, 
reveal  a  rock  which  has  undergone  rather  extensive  decomposition. 
It  is  usually  made  up  very  largely  of  feldspar,  with  a  smaller  propor- 
tion of  quartz,  in  small,  angular  or  slightly  rounded  fragments. 
These  are  surrounded  by  a  net-work  of  sericite  and  chlorite  scales, 
together  with  a  considerable  amount  of  opaque  iron  ore.  The  larger 
individuals,  at  least,  have  evidently  been  ilmenite,  but  are  now  almost 
completely  altered  to  leucoxene.  The  darker  bands  are  made  up  of 
more  thickly  disseminated,  dust-like  particles  of  iron  ore,  much  of 
which  at  least  is  ilmenite.  In  the  vicinity  of  the  various  eruptive 
masses,  as  well  as  in  those  masses  which  have  been  caught  up  in  the 
greenstone,  these  rocks  are  very  much  altered,  the  various  types  having 
been  described  as  mica  schists,  felsites  and  phyllites.  The  rocks  re- 
ferred to  as  quartzites  are  massive,  though  usually  distinctly  strati- 
fied, of  a  pale-grey,  reddish,  yellowish-grey,  or  greenish-grey  colour. 
They  are  intimately  associated  and  often  interbedded  with  the  tuffs 
or  greywackes,  so  that  it  is  frequently  impossible  to  separate  the  two 
for  purposes  of  mapping.    Under  the  microscope  the  thin  section 
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exhibits  a  rock  made  up  chiefly  of  quartz,  with  a  somewhat  smaller 
proportion  of  feldspar,  most  of  which  is  unstriated,  and,  therefore, 
presumably  orthoclase.  Occasional  grains  of  microline  were  noticed, 
showing  the  various  stages  in  the  development  of  the  characteristic 
fine,  cross-hatched,  twinning  structure.  Much  of  the  feldspar  is  de- 
composed into  a  hydrous  form  of  muscovite  (sericite),  occurring  in 
irregular,  pale-yellowish  or  colourless  scales  and  plates,  which,  together 
with  fragments  of  undecomposed  feldspar,  make  up  a  groundmass, 
in  which  the  larger  individuals  of  quartz,  and  more  rarely  of  feldspar, 
are  embedded. 

The  structure  of  the  rock  is  for  the  most  part  interlocking,  but 
some  specimens  show  distinctly  clastic  structure,  while,  in  most,  the 
resemblance  to  well  authenticated,  recrystallized  elastics  is  such  as 
can  hardly  be  mistaken. 

A  little  over  a  mile  northwest  of  Sudbury  the  Canadian  Pacific 
railway  crosses  a  belt  of  very  highly  altered  feldspathic  quartzite,  the 
outcrops  of  this  rock  forming  a  series  of  comparatively  high  and  con- 
spicuous ridges.  This  band  averages  about  half  a  mile  in  width,  and 
extends  with  unbroken  continuity  from  the  vicinity  of  the  Frood 
mine  to  Copper  Cliff.  Here,  denudation  has  removed  a  considerable 
portion  of  these  rocks,  leaving  only  small  areas  such  as  that  which 
outcrops  immediately  north  of  the  old  Copper  Cliff  mine.  These 
rocks  are  again  exposed  to  the  west  of  the  Ontario  Smelting  Works  at 
Copper  Cliff,  forming  the  high  ridges,  which  with  some  minor  breaks, 
extend  in  a  southeasterly  direction  a  little  beyond  the  boundary 
between  Waters  and  Graham  townships.  Areas  of  very  similar  rocks 
are  shown  on  the  map  as  occurring  in  the  township  of  Denison,  the 
largest  mass  covering  a  considerable  tract  north  of  the  Vermilion 
mine.  The  microscopical  examination  of  most  of  the  thin  sections, 
representative  of  this  rock,  throws  little  or  no  light  on  its  origin,  and 
the  exposures  might  very  readily  be  mapped  as  belonging  to  a  biotite 
or  hornblende  granite,  while  the  prescence  of  a  breccia  of  autoclastic 
character  at  the  junction  between  this  and  the  greywackes  to  the 
southeast  might  easily  be  interpreted  as  indicating  the  intrusion  of 
a  granitic  rock  through  the  greywacke. 

These  small,  usually  parallel,  and  seemingly  dike-like  forma  of 
quartzo-fcldspathic  material  are  in  reality  thin  beds  of  aikose  mate- 
rial, which,  originally  continuous,  have  been  drawn  out,  brokan  and 
separated  during  the  process  of  stretching,  while  the  enclosing  rocks, 
having  yielded  more  readily  to  deformation,  give  no  evidence  of  auto- 
clastic action.  This  quartzite  is  frequently  '  blotched '  in  the  vicinity 
of  the  railway  line,  the  spots  or  blotches  of  a  pale-reddish  or  pinkish 
coloui   being  embedded  in  a  network  of  greyish  material,  without 
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however,  any  sharp  or  well-defined  boundary  between  these  two  por- 
tions of  the  rock.  It  is  made  up  principally  of  quartz,  feldspar,  bio- 
tite,  muscovite  and  sometimes  hornblende,  the  last  mentioned  mineral 
being  especially  conspicuous  in  those  exposures  of  the  rock  crossed 
by  the  railway  and  wagon  road  to  Azilda.  This  mineral  occurs 
usually  in  long,  slender  prisms  of  a  dark  green  colour,  disposed  at 
various  angles  to  one  another,  and  very  evidently  the  product  of 
secondary  action. 

The  component  minerals  possess  the  irregular,  interlocking  out- 
lines, with  usually  no  suggestion  of  the  rounding  action  of  water, 
and,  at  first  sight,  has  every  resemblance  to  a  granite  or  gneiss.  An 
examination  of  the  field  occurrences  of  this  rock  is,  however,  much 
more  satisfactory  than  that  of  the  thin  section  under  the  microscope. 
At  times,  a  series  of  beds  can  be  traced  out,  differing  considerably 
in  composition  and  texture,  the  whole  occurring  in  the  form  of  a 
synclinal  basin,  resting  upon  the  greywackes.  This  quartzite  repre- 
sents the  most  advanced  type  of  a  recrystallized  arkose  for  which  the 
term  '  regenerated  granite '  has  been  proposed.  (*)  In  the  Huronian, 
there  are  no  very  large  areas  of  conglomerate,  and  the  exact  position 
of  these  rocks  is  still  n  matter  of  doubt,  but  it  is  hoped  that  future 
investigation  will,  at  an  early  date,  enable  a  precise  statement  of  the 
stratigraphical  position  to  be  made.  From  the  investigations  under- 
taken by  the  writer,  these  conglomerates  would  appear  to  lie  at  the 
buse  of  a  series,  which,  passing  upwards  into  darker  coloured  feld- 
spathic  sandstones  or  greywackes,  are  in  turn  overlaid  by  feldspathic 
quartzites  or  arkoses  which  cover  the  larger  portion  of  the  southeast- 
ern part  of  the  Sudbury  map. 

Such  rocks  r.re.  as  a  rule,  of  a  dark-fjrey  colour,  with  disseminated, 
angular,  subangular,  or  rounded  fragments,  chiefly  of  quartz,  granite, 
cliorite.  Are.  Thin  sections  exhibit  a  rock  made  up  of  fragments, 
chiefly  of  quartz,  but  also  of  orthoclase,  plagioclase  and  microper- 
thite.  The  most  abundant  composite  fragments  are  granitite.  com- 
posed mainly  of  microperthite  and  quartz,  together  with  a  little  bio- 
tite.  All  of  the  larger  individuals  are  embedded  in  a  matrix,  made 
up  of  much  finer  pieces  of  quartz  and  feldspar,  together  with  biotite, 
sericite  and  a  pale-green  chlorite.  Occasional  grains  of  pyrite  and 
also  some  of  ilmenite  occur.  Excellent  exposures  of  the  last  men- 
tioned conglomerate  may  be  seen  along  the  line  of  the  Canadian 
Pacific  railway,  immediately  east  of  Sudbury,  and  in  the  vicinity  of 
the  north  shore  of  Ramsay  lake.  As  usual,  these  conglomerates  are 
extremely  local  in  their  development,  covering  no  very  large  extent 

U)  Quart.  Jouro.  Oeol.  Lon.  Vol.  LIII.  (1897)  p.  44. 
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of  country,  and  the  area  to  the  east  of  Sudbury  is,  by  far,  the  largest 
covered  by  such  coarse,  detrital  rocks.  Exposures  of  a  very  similar 
rock  occur  on  lot  7,  con  I,  of  the  township  of  Penison,  to  the  south 
of  a  small  lake,  the  conglomerate  at  this  place  underlying  the 
quartzite. 

Dr.  Coleman  mentions  that,  '  the  most  typical  conglomerate  in  the 
region,  however,  extends  as  a  much  broken  band  from  northeast  to 
southwest,  near  Stobie  mine,  showing  crowded  pebbles  and  small 
boulders  of  more  than  half  a  dozen  kinds,  including  granite,  quartz- 
ite and  several  sorts  of  green  schist,  as  well  as  greenstone.'  (2)  The 
occurrence  of  these  conglomerates  and  the  character  of  their  pebbles 
indicate  a  probable  lack  of  conformity  in  the  Huronian,  and  it  is 
quite  possible  that  there  is  a  lower  and  an  upper  series,  the  former 
made  up  of  greenstones,  schists,  greywackes  and  highly  altered  quartz- 
ites  (regenerated  granites),  overlaid  unconformably  by  the  conglo- 
merates just  mentioned,  together  with  the  overlying  greywackes  and 
feldspathic  sandstones  exposed  in  the  southern  part  of  the  Victoria 
mines  map,  and  the  southeastern  part  of  the  Sudbury  map.  Besides 
these  coarse  detrital  rocks,  which  are  evidently  consolidated  shore 
deposits,  there  are  certain  pseudo-conglomerates  or  autoclastic  rocks, 
formed,  as  already  stated,  as  a  result  of  pressure  and  deformation. 
These  *  crush '  conglomerates  are  especially  abundant  where  the 
harder  and  more  brittle  quartzites  come  in  contact  with  the  schistose 
greywackes.  Certain  portions  of  the  green  schists,  penetrated  by 
granitic  material,  have  likewise  become  autoclastic,  through  the 
stretching  and  rolling  out  of  the  rocks,  while  large  portions  of  the 
greywackes  themselves  have  been  broken,  the  fragments  separated 
and  recemented  together  by  similar,  though  somewhat  coarser 
material. 

(2.)  Upper  Huronian? 

(O.)   OLDER?  NORITES  AND  DI0R1TES. 

Certain  areas  of  gabbro  and  norite,  with  their  derivative  diorite, 
occur,  which  have  no  direct  or  visible  connexion  with  the  main  mass 
of  the  nickel  bearing  norite.  Most  of  these  intrusive  masses  exhibit 
certain  peculiarities  of  composition  and  structure,  which  all  seem  to 
possess  in  common,  and  by  means  of  which  they  may  usually  be  dis- 
tinguished from^  the  ordinary  norite.  The  possesion  of  these  charac- 
teristics, as  well  as  their  prevailingly  greater  alteration,  suggests  a 
probable  difference  in  age,  and  the  position  assigned  to  them  in  the 

(2)  Ann.  Rep.  Bur.  of  Mine*.  Ont..  1903.  pp.  239  and  290. 
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table  of  the  geological  formations  exposed  in  this  district  is  believed 
to  be  a  very  close  approximation  to  the  truth.  Most  of  these  masses, 
at  least,  are  distinctly  younger  than  any  of  the  clastic  rocks  with 
which  they  come  in  contact,  as  they  pierce  and  alter  the  highest  beds 
of  the  quartzites,  which  occur  in  the  region  covered  by  the  southern 
and  southeastern  portions  of  both  the  accompanying  map-sheets. 
Their  age,  with  regard  to  the  granite  or  main  mass  of  norite,  is  not 
known,  as  they  nowhere  occur  in  conjunction  with  these  rocks.  They 
are,  however,  older  than  the  olivine-diabase,  for  dikes  of  this  latest 
rock  in  the  area  are  seen  to  cut  them  in  many  places. 

With  the  exception  of  the  Worthington  mine,  no  large  or  economi- 
cally valuable  deposits  of  nickel  and  copper  have  been  found  in  con- 
nexion with  them,  although  the  Mitchener  and  Totten  mines,  situ- 
ated in  the  township  of  Drury,  were  opened  on  masses  of  these  mine- 
rals which  were  directly  connected  with  the  Worthington  mine  intru- 
sive. Other  deposits  of  these  sulphides  are  known  to  occur  at  several 
points,  as  for  instance  on  lot  12,  con.  Ill,  of  Neelon  township,  where 
the  pyrrhotite  was  found  to  contain  3  -10  per  cent  of  nickel,  and  on  the 
north  half  of  lot  4,  con.  VI,  of  Neelon  township,  but,  so  far  as  known, 
none  of  these  are  of  sufficient  dimensions  to  form  working  mines 
under  present  conditions. 

One  of  these  belts  of  norite  starts  in  the  township  of  Drury,  to 
the  south  of  the  Canadian  Pacific  railway,  and  extends  across  the 
southern  part  of  the  township  of  Denison,  ending  a  short  distance 
east  of  the  Vermilion  river.  The  small  areas  shown  on  the  map,  as 
occurring  on  lot  12,  con.  II  and  III,  of  Denison,  are  of  the  same 
rock.  Another  band  forms  the  high  land  between  Trout,  Clear  and 
Whitefish  lakes  on  the  southeast,  and  McCharles  and  Simon  lakes  on 
the  northwest.  The  highest  portion  of  the  ridge  rises  220  feet  above 
McCharles  lake.  The  probable  continuation  of  this  band  forms  the 
higher  hills  northwest  of  Kelly  lake,  and  with  some  minor  breaks, 
the  ridges  formed  by  the  outcropping  of  these  hard  rocks  extend  to 
the  eastern  end  of  Ramsay  lake.  To  the  north  of  the  Canadian 
Pacific  railway,  and  to  the  east  of  the  town  of  Sudbury,  the  rock 
forms  a  series  of  exceedingly  rugged  and  comparatively  high  hills, 
the  highest  of  which  rises  over  1,000  feet  above  the  sea.  This  mass 
of  norite  and  diorite  covers  an  area  of  about  four  square  miles  in 
this  part  of  McKim  and  Neelon  townships,  sending  off  a  long  narrow 
arm,  which  crosses  the  sixth  concession  of  the  township  of  Neelon. 
The  large  irregular  mass  of  similar  igneous  material,  occurring  in 
the  eastern  part  of  Neelon,  and  shown  on  the  map  as  covering  por- 
tions of  the  third,  fourth  and  fifth  concessions,  is  known  to  be 
directly  connected  with  the  same  mass.    With  the  exception  of  the 
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smaller  separated  masses,  with  which  the  Frood  and  Stobie  mines  are 
connected,  and  which  undoubtedly  belong  to  the  main  mass  of  the 
norite,  all  of  the  smaller  areas  of  massive,  basic,  igneous  rocks,  shown 
on  the  map,  are  made  up  of  this  or  a  closely  related  type  of  rock.  In 
addition  to  these,  considerable  areas  of  massive  diorite  occur  in  inti- 
mate association  with,  and  probably  intrusive  through,  the  older 
greenstones  and  tuffs  which  make  up  the  larger  portion  of  th»»  urea 
covered  by  the  third  and  fourth  concessions  of  Denison.  These  rocks 
are  quite  distinct  from  that  which  forms  the  main  mass  of  norite,  ar.d 
are  seemingly  more  closely  related  to  this  older  norite  intrusive. 
Similar  areas  of  diorite  rocks  occur  in  the  belt  of  older  hornblende 
and  tufaceou8  rocks  which  crosses  the  third  and  fourth  concessions 
of  Graham,  to  the  south  of  the  granite  mass.  Deposits  of  pyrrhotite, 
chalcopyrite,  pyrite  and  cobaltiferous  arsenopyrite  are  known  to  occur 
in  connexion  with  these  rocks,  but  they  are  not  at  present  of  econo- 
mic importance. 

In  the  field,  outcrops  of  these  older  norites  are  pale-greenish,  in 
contrast  to  the  dark-greyish  or  black  tones  of  the  main  mass  of  norite. 
They  are,  as  a  rule,  finer  in  grain,  eminently  diabasic  in  texture  and 
frequently  show  considerable  masses  of  diorite  pegmatite,  or  mala- 
chite, in  this  last  respect  differing  from  the  ordinary  norite,  which  is 
remarkably  uniform  in  grain  over  the  whole  area.  Under  the  micro- 
scope they  contain  less  quartz,  and  the  hornblende  is  always  actino- 
lite,  and  not  the  compact  variety  common  in  the  diorite  derived  from 
the  norite  of  the  main  mass. 

Fresh  representatives  of  this  apparently  older  norite  are  compara- 
tively rare,  and  the  writer's  specimens,  selected  with  every  care,  at 
widely  separated  localities,  contain  only  two  specimens  in  which  the 
pyroxenes  are  sufficiently  fresh  to  permit  of  their  identification,  and 
even  in  the  slides  from  these  specimens  by  far  the  greater  portion  of 
the  original  ferromagnesian  constituents  are  represented  by  the  usual 
secondary  serpentine  and  actinolite. 

One  of  the  hand  specimens  of  the  least  altered  phase  of  the  diorite, 
collected  near  the  eastern  extremity  of  the  band  of  greenstone  be- 
tween Whitefish  and  Simon  lakes,  is  a  pale  greenish,  medium- textured, 
massive  greenstone,  with  little  or  no  evidence  of  having  been  sub- 
jected to  dynamic  metamorphism. 

The  thin  section  shows  a  hypersthenc-gabbro  or  norite,  the  greater 
portion  of  which  has  undergone  advanced  chemical  alteration  or  de- 
composition. For  the  most  part  it  is  now  made  up  of  plagioclase  and 
a  serpentine  closely  related,  if  not  identical  with  bastite.  The  latter 
mineral  is  very  evidently  secondary,  and  occupies  very  approximately 
the  same  position  as  the  original  bisilicate  material,  from  whose? 
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Alteration  it  has  resulted.  Occasionally,  limited  areas  show  the  ori- 
ginal pyroxenic  minerals,  in  various  stages  of  the  bastitic  alteration. 
A  faintly  pleochroic  hypersthene  or  enstatite  and  diallage  are  both 
present,  and  some  of  the  individuals  or  grains  of  these  minerals  are, 
with  difficulty,  distinguishable  from  one  another.  Both  minerals  are 
very  nearly  colourless,  but  the  double  refraction  of  the  hypersthene 
is  weak,  while  the  diallage,  on  the  contrary,  shows  brilliant  chromatic 
polarization.  Both  pyroxenes  show  a  faint,  though  distinct  pleo- 
chroism,  that  possessed  by  the  hypersthene  being  more  decided.  The 
index  of  refraction  of  the  hypersthene  is  somewhat  higher  than  that 
of  the  diallage,  while  the  latter  mineral  shows  frequent  polysynthetic 
twinning.  Both  pyroxenes,  however,  decompose  to  the  same  pale- 
greenish,  usually  fibrous,  but  occasionally  scaly  bastite,  often  exhibit- 
ing brilliant  polarization  colours.  In  places,  this  bastite  is  being  con- 
verted into  a  pale-greenish,  feebly  pleochroic,  fibrous  hornblende  or 
actinolite,  this  uralitization  being  especially  pronounced  in  the  vicin- 
ity of  the  margins  of  the  individuals.  These  bastitic  areas  contain 
very  numerous,  small,  irregular  scales  and  plates  of  a  pale-brownish, 
apparently  secondary  biotite,  and,  in  places,  are  crowded  with  small 
grains  of  secondary  magnetite.  The  plagioclase,  which,  judging  from 
the  extinction  angles,  is  labradorite,  has  a  marked  poikilitic  develop- 
ment, this  mineral  extinguishing  simultaneously  over  large  areas, 
which  in  the  thin  section  are  separate  either  partially  or  wholly  by 
intervening  bisilicate  material.  This  poikilitic  effect  is  likewise 
noticeable  in  the  hand  specimen  owing  to  the  uniform  reflection  of 
light  from  the  plagioclase  individuals.  Comparatively  large,  irregular 
UTains  of  magnetite,  probably  titanifcrous,  are  also  distributed 
through  the  rock,  while  quartz  occurs,  filling  up  occasional  inter- 
spaces between  the  tabular  forms  of  feldspar. 

Another  specimen,  representing  a  very  fresh  variety  of  this  rock, 
was  obtained  from  a  small  hill,  west  of  a  lumber  road,  on  lot  11,  con. 
V,  of  Neelon.  Dr.  Coleman  mentions  the  fact  that  a  specimen  of 
this  rock  from  the  hilltop  east  of  the  town  of  Sudbury  is  '  a  typical 
norite  made  up  essentially  of  faintly  pleochroic  enstatite  or  hypers- 
thene and  plagioclase,  the  latter  somewhat  lath-shaped.'  0) 

A  thin  section  from  a  specimen  obtained  from  the  large  mass  of 
this  rock,  occurring  to  the  southeast  of  the  Evans  mine,  shows  a 
greatly  altered  variety  of  this  norite.  The  original  pyroxene  minerals 
are  wholly  converted  into  an  aggregate  of  pale-greenish,  brilliantly 
polarizing  scales  and  fibres  of  serpentine,  this,  in  turn,  being  con- 
verted, in  certain  instances,  to  actinolite.    Pale-coloured  biotite  is 


(1)  Ana.  R«p.  Bur.  of  Mines,  Ont..  1903.  p.  296. 
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abundant.  A  small  amount  of  greenish-brown,  compact  hornblende 
is  also  present.  The  plagioclase,  with  the  pale-brownish  tints  so  com- 
mon in  these  rocks,  occurs  in  rather  broad,  lath-shaped  or  tabular, 
well-twinned  crystals,  which  are,  aB  a  rule,  quite  fresh.  Quartz  is  not 
very  abundant,  and  some  grains  are  intergrown  with  plagioclase, 
forming  the  characteristic  granophyre.  The  iron  ore  is  ilmenite, 
with  borders  of  sphene.  Apatite  is  abundant,  in  the  usual  slender, 
prismatic  forms. 

Another  thin  section,  taken  from  a  specimen  obtained  on  the  north 
half  of  lot  10,  eon.  V,  of  Nelson,  is  still  more  decomposed,  the  pyrox- 
ene being  replaced  by  a  very  pale  yellowish-green  serpentine  and  acti- 
nolite.  All  the  intermediate  stages  in  the  conversion  of  serpentine  to 
actinolite  may  be  studied.  Much  of  the  feldspar  is  quite  fresh  and 
clear,  with  a  pale-brownish  colour,  but  the  areas  of  this  mineral  have 
been  invaded,  to  a  considerable  extent,  by  small  fibres  and  crystals  of 
actinolite.  A  little  compact,  brownish  hornblende  is  also  present.  A 
large  amount  of  zoisite  occurs  as  a  secondary  product  of  decomposi- 
tion. Ilmenite,  largely  altered  to  sphene,  and  occasional  grains  of 
pyrrhotite  and  chalcopyrite  are  also  present,  while  quartz  occasion- 
ally occupies  the  irregular  interspaces  between  the  plagioclase  laths. 
Another  specimen,  from  the  north  half  of  lot  4,  con.  VI,  of  Neelon. 
was  also  examined  under  the  microscope.  The  rock  may  be  referred 
to,  at  present,  as  a  uralitic  quartz-diabase.  The  original  pyroxene  is 
now  represented  by  pale  greenish,  feebly  pleochroic  bastite  and  actino- 
lite; much  of  the  plapioclase  is  rather  clear  and  fresh,  but  some  has 
undergone  considerable  saussuritization.  A  little  brownish  horn- 
blende is  present.  Sphene,  in  irregular  grains,  with  black  Opaque 
cores  of  ilmenite,  epidote  and  zoisite,  are  the  principal  other  minerals 
noticed. 

The  actinolite  diorite  and  schist,  with  which  the  deposits  at  the 
Worthington,  Mitchener,  Totten  and  Macdonell  or  Gersdorffite  mines 
are  associated,  are  evidently  highly  altered  forms  of  this  norite. 
These  deposits  possess  certain  peculiarities  in  common  with  one 
another,  which  distinguish  them  from  the  other  ore  bodies  connected 
with  the  main  mass  of  the  norite.  Some  of  the  rock  collected  at  the 
Vermilion  mine  is  possibly  of  the  same  type  and  age,  but  this  was 
not  definitely  ascertained.  As  is  evident  from  the  foregoing,  it  is 
manifestly  difficult,  if  not  impossible,  in  all  cases,  to  decide  the  ques- 
tion of  the  identity  of  every  individual  specimen  of  altered  norite,  or 
even  the  various  separated  masses,  but  in  a  broad  way  these  two 
norites  are  distinct  and  separate  from  one  another,  and  the  criteria 
already  mentioned  for  distinguishing  them  will  usually  be  found 
sufficient. 
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(3.)  Laurentian  Granite  axd  Diorite-oneisses. 

The  rocks  usually  classified  as  Laurentian  comprise  a  series  of 
foliated,  eruptive  rocks,  mainly  of  granitic  and  dioritic  composition, 
crossing  the  southeastern  corner  of  the  Sudbury  map,  in  the  town- 
ships of  Dill  and  Neelon,  in  the  vicinity  of  the  Wanapitci  river. 
These  rocks  possess  a  well-marked  foliation,  this  structure  being 
determined  not  only  by  the  alternation  of  lighter  and  darker  coloured 
bands,  but  also  by  the  parallel  disposition  and  alignment  of  the  com- 
ponent minerals.  The  lighter  coloured  bands  are  usually  of  the  pre- 
vailing flesh-red  tint,  and  are  made  up  largely  of  quartz  with  ortho- 
clase,  microline  and  microperthite  .as  the  feldspathic  constituents, 
and  these  minerals,  together  with  biotite  in  varying  amount,  make  up 
the  bulk  of  the  rock.  The  darker  coloured  bands  contain  less  quartz 
and  very  abundant  mica,  with  oligoclase  as  the  principal  feldspar. 
The  biotite  is  often  altered  to  chlorite.  Muscovite  and  zircon  are 
often  present  in  small  amount.  Garnet  is  very  abundant,  of  the  pre- 
vailing almandine  variety,  and  usually  more  or  less  rounded,  but 
some  of  the  well-formed  individuals  show  the  faces  of  the  rhombic 
dodecahedron  and  icositetrahedron.  Perhaps  the  most  interesting 
mineral  is  cyanite,  which  is  abundant  in  certain  portions  of  the  rock, 
occurring  both  in  the  micaceous  and  feldspathic  bands.  This  mineral 
occurs  in  flat,  blade-like  crystals,  with  the  prevailing  bluish  and 
whitish  colours.  In  the  micaceous  bands  the  colour  i9  especially 
deep,  and  of  a  beautiful  azure  tint,  somewhat  unevenly  distributed 
or  cloud-like  in  its  effect,  the  colour  being  often  deepest  in  the  centre 
of  the  crystals,  gradually  becoming  colourless  towards  the  margin. 
These  crystals  are  arranged,  for  the  most  part,  parallel  to  the  folia- 
tion, but  some  individuals  are  disposed  at  considerable  angles  to  this 
structure.  Sillimanite  or  fibrolite  is  also  occasionally  present,  espe- 
cially on  slickensided  or  jointing  planes,  and  shows  abundant  evi« 
dence  of  pressure  and  stretching.  These  gneisses  are  distinctly  of 
eruptive  origin,  and  their  intrusion  through  the  quartzites  and  other 
clastic  rocks  is  everywhere  apparent,  where  the  lino  of  junction  is  so 
exposed  that  the  relationship  between  the  two  may  be  examined  and 
studied. 

4.  Upper  Huronian  (?)  Clastic  Rocks. 

The  rocks,  thus  classified,  occupy  the  large  oval  area  situated 
immediately  northwest  of  the  main  belt  of  the  nickel  bearing  and 
kindred  eruptives,  and  underlying  the  extensive  clay  plain  which  has 
already  been  described  as  so  eminently  suitable  for  agricultural  pur- 
poses.   As  n  result  of  the  first  geological  examination   these  rocks 
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were  regarded  by  Dr.  Bell  as  probably  of  Cambrian  age,  and  have 
thus  been  coloured  on  all  subsequent  geological  maps.  Their  precise 
geological  age  is  still  a  matter  of  doubt,  but  the  later  work  seems  to 
indicate  a  close  relationship  both  in  origin  and  age,  with  the  main 
masses  of  norite  and  micropegmatite.  If,  as  seems  probable  from 
the  work  already  accompli  she  d,  these  several  separate  ranges  of  nickel 
bearing  norite  are,  in  reality,  the  exposed  portions  of  one  continuous 
laccolite,  with  occasional  minor  irregularities  or  offsets,  then,  as  illus- 
trated by  Dr.  Coleman,  (')  these  youngest  clastic  rocks  of  the  district 
will,  no  doubt,  be  snown  to  occupy  a  synclinal  trough,  overlying  this 
deep  platter-shaped  sheet  of  intrusive  rock. 

These  rocks  extend  from  the  southeastern  part  of  the  township  of 
Trill,  to  within  a  few  miles  of  Wanapitei  lake,  the  area  being  thus 
nearly  thirty-five  miles  in  length,  with  an  extreme  width  of  a  little 
over  eight  miles. 

They  comprise,  at  the  base,  certain  breccias  and  agglomerates, 
most  of  which,  at  least,  are  of  pyroclastic  origin,  these  rocks  passing 
upward  into  black,  bituminous  shales,  while  they  are,  in  turn,  over- 
laid by  a  comparatively  coarse  greywacke  or  feldspathic  sandstone. 

The  identification  of  the  breccia  at  the  base  of  this  series  as  a 
consolidated  volcanic  ash  was  the  result  of  microscopical  studies 
undertaken  by  the  late  Prof.  G.  H.  Williams,  of  material  furnished 
him  by  Dr.  Bell.  The  important  fact  of  the  occurrence,  in  these 
ancient  rocks,  of  a  volcanic  glass  breccia,  the  various  minute  details 
of  structure  being  so  exceptionally  preserved  through  silicification 
as  to  permit  of  its  positive  recognition,  has  always  been  a  matter  of 
general  interest  and  comment,  especially  amongst  those  geologists 
who  regarded  these  earlier  periods  of  the  earth's  history  as  character- 
ized by  exceptional  and  prolonged  explosive  volcanic  activity. 

A  description  of  this  comparatively  rare  type  of  rock  was  carefully 
prepared  by  Prof.  Williams,  and  communicated  to  a  meeting  of  the 
Geological  Society  of  America,  held  on  December  31st,  1890.  These 
details  were  embodied  in  an  appendix  to  Dr.  Bell's  paper  on  the  nickel 
and  copper  deposits  of  this  district,  which  was  also  read  at  this 
meeting.  (2) 

The  material  submitted  for  examination  consisted  of  two  small 
hand  specimens,  collected  at  the  lowest  falls  on  the  Onaping  river,  in 
the  township  of  Dowling.    Prof.  Williams'  description  (*)  is  so  com- 
plete nnd  satisfactory,  that  it  may  be  quoted  in  this  connexion. 
'  In  a  hand  specimen,  this  rock  presents  a  nearly  black  felsitic 

(1)  Ann.  Rep.  Bur.  of  Mines.  Ont..  1903.  (illustration  62)  pp.  288-289. 

<3>  Ann.  Rep.  Geol.  Surv..  Can  .  Vol.  V..  1890-5»1,  Part  F, 'pp.  "4-76. 

(2)  Bull.  Geol.   Soc.    Am.,  Vol.   II..  1S91,  pp.  74-76. 
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matrix,  in  which  are  embedded  sharply  angular  or  slightly  rounded 
fragments,  varying  from  1£  cm.  in  niameter,  downwards  to  ultra- 
microscopic  dimensions.     These  fragments  are  lighter  in  colour 
than  the  matrix,  but  differ  considerably  among  themselves  in  their 
tint,  structure  and  composition.    The  majority  resemble  chalcedony 
in  appearance,  others  are  greenish,  while  some  of  the  largest  frag- 
ments are  now  replaced  by  a  single  calcite  individual.  Occasional 
small  grains  of  clear  vitreous  quartz  may  also  be  detected,  while 
specks  of  pyrrhotite  are  everywhere  abundant.   Many  of  the  angular 
fragments  show  distinctly  under  the  lens  a  flow  or  vesicular  structure, 
which  is  still  more  apparent  in  a  thin  section  of  the  rock  when  seen 
under  the  microscope.    The  fragments,  even  down  to  those  of  the 
smallest  dimensions,  have  the  angular  form  characteristic  of  glass 
sherds  produced  by  explosive  eruptions,  with  more  or  less  coarsely 
vesicular  structure.    The  flow  structure  is  as  perfectly  marked  by 
sinuous  lines  of  globulites  and  microlites  which  terminate  abruptly 
against  the  broken  edge  of  the  glass  particle,  as  in  the  most  recent 
vitrophyre.   Minute  spots  of  pyrrhotite  are  scattered  throughout  the 
section.    The  groundmass  is  of  a  dark  colour,  owing  to  the  massing 
in  it  of  minute  black  globulites,  to  whose  nature  the  highest  magnify- 
ing power  gives  no  clue,    between  crossed  nicols  it  is  seen  to  be  made 
up  largely  of  ehaleedonic  quartz,  which  has  changed  the  easily 
destructible  glass  into  a  sort  of  jasper.    Chlorite  is  also  abundant, 
frequently  arranged  as  a  border  of  radiating  scales  around  the  edges 
of  the  fragments,  so  as  to  coat  them  green  in  the  hand  specimen. 
The  larger  grains  are  always  a  fine  mosaic  of  interlocking  quartz,  but 
some  of  the  smaller  ones  are  composed  of  a  unit  individual  of  clear 
vitreous  quartz.    The  only  other  minerals  which  could  be  identified 
in  the  section  are  calcite  and  a  few  grains  of  a  glassy  striated  feld- 
spar.   The  presence  of  this  latter  mineral  is  very  noteworthy,  as  we 
should  expect  it  to  have  disappeared  during  the  vicissitudes  through 
which  this  rock  has  passed.' 

In  other  localities  this  breccia  shows  a  greater  diversity  in  the 
character  of  the  larger  fragments,  and  composite  rocks  made  up 
largely  of  quartz  and  feldspar,  either  granite  or  recrystallized  quartz- 
ite,  frequently  occur.  Plagioclase  and  quartz,  usually  in  angular  or 
sub-angular  pieces,  are  very  often  represented,  while  epidote  and  horn- 
blende, also  mentioned  by  Dr.  Coleman,  are  likewise  present  in  the 
thin  sections  examined  by  the  writer. 

No  complete  chemical  analysis  has  yet  been  made  of  the  individual 
specimens  examined  by  Prof.  Williams,  but  Dr.  Hoffmann  made  a 
silica  determination,  showing  it  to  contain  60*23  per  cent.  Dr.  T.  L. 
Walker,  however,  has  made  an  analysis  of  a  specimen  of  this  breccia, 
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obtained  from  the  north  shore  of  Whitson  lake,  with  the  following 


results:  C1) 

Si  O2   59-93 

Ab  O3   12  -12 

•     Fe  0   10-58 

Mn  O                                                  .  .  trace. 

Ca  0   4  49 

MgO   519 

Na2  O   3-90 

K2  0   0-97 

Loss  by  ignition   1-57 


Total   9S  63 


Various  sulphides,  chiefly  pyrite,  but  sometimes  also  pyrrhotite 
and  chalcopyrite,  are  often  abundantly  disseminated  through  this 
rock,  and  not  a  few  mining  locations  have  been  surveyed, 
intended  to  cover  such  deposits,  which  were  regarded  as  possible 
mines.  One  of  the  most  promising  of  these,  visited  by  Mr.  Leroy, 
was  situated  on  the  south  half  of  lot  8,  con.  IV,  of  the  township  of 
Dowling,  and  the  specimens  secured  were  handed  to  Dr.  Hoffman  for 
assay.  The  hand  specimen  shows  a  massive  pyrrhotite,  with  which 
is  associated  a  little  chalcopyrite  and  a  somewhat  larger  proportion 
of  gangue.  The  pyrrhotite,  when  freed  from  the  chalcopyrite  and 
gangue,  was  found  by  Mr.  F.  Q.  Wait  (*)  to  contain  0-26  per  cent  of 
nickel  with  a  trace  of  cobalt.  Resting  upon  this  breccia  or  agglo- 
merate are  certain  black  bituminous  shales,  often  with  well  developed 
slaty  cleavages.  This  rock  is  made  up  principally  of  minute  frag- 
ments of  quartz,  with  intervening  scales  of  chlorite  and  sericite,  and 
abundantly  disseminated,  black,  opaque  particles  of  carbonaceous  or 
bituminous  matter.  These  slates  sometimes  contain  fissures  occupied 
by  anthraxolite  or  vein  anthracite,  and  a  large  outcropping  of  such 
material  in  the  township  of  Balfour  occasioned  considerable  excite- 
ment some  years  ago.  Samples  of  the  surrounding  rock,  analyzed  by 
Dr.  Ellis,  showed  6-8  per  cent  of  carbon  in  the  shale.  (2)  The  highest 
rocks  in  this  scries  are  certain  grey  sandstones  and  shales,  the  former 
frequently  containing  concretions,  which  weather  more  rapidly  than 
the  matrix  in  which  they  are  enclosed.  Composite  fragments  can 
often  be  recognized  with  the  naked  eye,  and  the  rock  then  assumes 
the  character  of  a  coarse  grit.   It  is  made  up  principally  of  angular 

(1)  Quart.  Jour.  Geol.  Soo.  Lon.,  Vol.  LIII.,  1897,  p.  46. 

(1)  Ann.  Rep.  Geol.  Surv.  Can..  Vol.  XIII..  Part  R.  p.  36. 

(2)  Ann.  Rep.  Bur.  of  Mine«,  Ont..  1896.  pp.  169-1S6. 
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and  subangular  grains  of  quartz,  embedded  in  a  finer-grained  base, 
composed  of  feldspar,  quartz,  chlorite  and  mica.  Zircon  and  tourma- 
line are  also  sometimes  present.  The  dark  colour  of  the  rock  is  due 
to  disseminations  of  innumerable,  fine  particles  of  opaqu-3  material, 
especially  abundant  in  the  feldspar,  and  which  are  probably  ilmemte. 

(5)  Post  Huroxiax. 
(a.)  granite. 

It  has  been  customary,  of  late  years,  to  speak  of  certain  areas  of 
acid  intrusives  occurring  in  intimate  association  with  the  nickel 
bearing  eruptive  as  the  'younger  granites.'  Reference  has  already 
been  made  to  their  strange  and  anomalous  behaviour  with  regard  to 
the  sulphide  bearing  norite,  for  wherever  the  line  of  junction  between 
these  two  classes  of  rock  has  been  examined,  it  presents  a  series  of 
apparently  conflicting  phenomena,  which,  in  the  present  state  of  our 
knowledge,  cannot  be  satisfactorily  interpreted  or  explained.  The 
larger  proportion  of  the  evidence,  so  far  available,  seems  decidedly  in 
favour  of  regarding  these  granite  rocks  as  of  earlier  generation  than 
the  norite  or  gabbro,  and  even  in  the  vicinity  of  the  Creighton  mine, 
where  the  immediate  junction  is  characterized  by  the  presence  of  a 
narrow  belt  of  intermediate  composition  between  the  granite  or  norite, 
Dr.  Coleman  states  that  'on  the  wEole,  however,  the  impression  is 
formed  that  the  granitoid  gneiss  is  older  than  the  gabbro,  the  latter 
sometimes  growing  finer-grained  at  the  edge  of  the  gneiss.  (')  A 
reasonable  explanation  of  the  contradictory  phenomena  witnessed 
seems  to  be  closely  connected  with  the  manner  and  rate  of  cooling  of 
the  granite  batholith.  This  immense  body  of  acid  eruptive,  as  at 
present  exposed  at  the  surface  by  denudation,  has  not  evidently  re- 
sulted from  the  consolidation  of  a  body  of  magma,  the  product  of  one 
simple  act  of  plutonic  activity,  but  is  rather  the  result,  locally  at  least, 
of  several  successive  fusions  and  re-cementations,  before  the  whole 
masa  reached  its  final  or  present  condition.  The  evidence  of  such 
successive  periods  of  intrusion  is  furnished  by  a  study  of  the  granite 
mass  itself,  for  although  over  the  larger  part  of  the  area  the  granite 
is  remarkably  uniform  in  structure  and  composition,  certain  locali- 
ties show  rather  sudden  changes  in  these  respects,  with  occasionally 
a  sharp  dividing  line,  thus  indicating  an  apparent  difference  in  age. 
All  attempts,  however,  to  trace  out  this  apparent  line  of  subdivision 
in  detail,  over  any  extent  of  country,  proved  futile,  and  the  conclusion 
was  reached  that  the  whole  mass  is  very  closely  synchronous,  and 

(1)  Ann.  Rep.  Bur.  of  Mines,  Ont.,  1903.  p.  246. 
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that  no  appreciable  lapse  of  time  in  a  geological  sense  has  occurred 
between  the  several  dates  represented  by  these  different  phases  of  the 
granite.  The  rate  of  cooling,  moreover,  was  extremely  slow,  much 
more  so  in  fact  than  the  norite,  so  that  it  is  possible  that,  in  certain 
instances,  some  portions  may  have  been  sufficiently  consolidated  to 
permit  of  the  cooling  against  it  of  the  norite,  while  in  areas  not  far 
distant  some  of  the  latest  acid  secretions  of  the  granite  penetrated 
and  altered  the  norite  or  gabbro.  There  arc  two  main  types  of  these 
granites.  •  the  difference  between  the  two  being  essentially  one  of 
structure,  and  although  intermediate  varieties  between  the  two  ex- 
tremes are  known  to  occur,  such  phases  are  relatively  unimportant 
and  may  be  ignored  for  purposes  of  general  description.  These  two 
varieties  are  at  present  believed  to  be  very  approximately,  at  least,  of 
the  same  age.  One  type  of  rock  which  occupies  by  far  the  largest 
area  of  any  of  these  acid  eruptives  is  a  very  decided  4  augen '  or  por- 
phyritic  granitite-gneiss.  In  places,  this  seems  to  pass  into  a  finer- 
grained  and  more  massive  type,  with  ill-defined  or  no  foliation,  thus 
resembling  the  second  variety,  the  type  of  which,  however,  forms  two 
smaller  and  separated  batholiths  occurring  to  the  northeast  of  the 
main  mass. 

The  coarser  or  '  augen '  type  presents  such  a  strong  resemblance, 
in  every  respect,  to  certain  gneissoid  rocks  occurring  in  the  Lauren- 
tian,  that  it  was  indicated  as  part  of  this  formation  in  the  first  geo- 
logical map.  It  constitutes  a  well  marked  batholith,  intrusive 
through  the  older  green  schists  and  diorites,  which  it  has  greatly  dis- 
turbed and  altered,  forming  a  belt  to  the  south  of  the  main  mass  of 
the  sulphide  bearing  norite,  and  extending  from  the  second  lot  in  the 
township  of  Denison  to  a  point  a  little  east  of  the  boundary  between 
Snider  and  McKim  townships,  near  the  Copper  Cliff  mine.  The 
mass  is  thus  about  thirteen  miles  in  length,  with  an  average  width 
varying  from  one  to  two  miles.  It  forms  a  very  striking  and  beauti- 
ful roek,  eminently  suitable  for  btiilding  or  ornamental  purposes.  It 
has  bpen  used  in  the  building  of  the  main  office  at  Copper  Cliff,  as 
also  for  mantles  in  the  manager's  house  at  Victoria  Mines. 

Under  the  microscope  the  thin  section  shows  the  rock  to  he  made 
up  chiefly  of  microcline,  orthoclase,  albite,  oligoclase,  biotite  and 
quartz,  with  epidote,  sphene  and  apatite  as  accessory  minerals  and 
enleite,  epidote,  zoisite.  sericite  and  chlorite  as  secondary  pro- 
ducts of  decomposition.  The  orthoclase  and  microcline  sometimes 
occur  free,  but,  for  the  most  part,  are  intergrown  with  the  albite, 
forming  both  microcline  and  orthoclase-microperthite.  The  quartz 
is  the  usual  granitic  variety,  frequently  showing  intense  strain 
shadows  and  sometimes  granulated  into  a  fine  interlocking  mosaic. 
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The  feldspars  of  the  rock,  although  like  the  quartz  often  much 
cracked,  broken  and  granulated,  are  comparatively  fresh.  Keddish- 
brown  iron  oxide  has  spread  through  the  cracks,  giving  a  cloudy  or 
stained  appearance  to  many  of  the  grains.  Much  of  the  tligoclasc 
has  undergone  considerable  saussuritization,  the  resulting  products 
being  epidote,  zoisite  and  sericite.  It  is  usually  stained  a  deep  red- 
dish-brown colour.  The  biotite  is  usually  '  bleached '  and  has  often 
undergone  more  or  less  complete  chloritization.  Sphenc  and  epidote 
are  often  embedded  in  the  biotite.  Apatite  is  frequently  present  in 
the  x  sual  acicular  prisms,  while  oecasionally  a  little  calcite  was 
noticed  in  thin  sections. 

The  '  augen '  are  usually  made  up  of  a  comparatively  coarse- 
grained aggregate  of  microperthite  or  microcline,  together  with  a 
much  smaller  proportion  of  quartz.  More  rarely,  it  is  a  single  crys- 
tal of  feldspar,  often  a  Carlsbad  twin,  rarely,  however,  with  sharp  or 
well  defined  boundaries. 

In  the  vicinity  of  the  Creighton  mine  the  granite  of  the  main 
batholith  comes  in  immediate  juxtaposition  with  the  nickel  bearing 
norite.  while  to  the  southwest  in  the  vicinity  of  the  Gertrude  mine, 
as  well  as  to  the  northeast  from  the  North  Star  mine  and  beyond, 
considerable  areas  of  the  peculiar  granite  and  greenstone  breccia 
intervene  between  the  two  rocks.  As  has  been  stated,  there  is  the  clear- 
est evidence  at  the  Creighton  mine  of  considerable  reaction  between 
the  granite  and  norite,  the  former  being  often  impregnated  for  a  con- 
siderable distance  from  the  contact  with  the  nickel  and  copper  bear- 
ing sulphides,  while,  in  addition,  certain  portions  of  granite  are  un- 
usually basic,  presenting  a  rock  of  intermediate  composition  between 
the  granite  and  norite,  with  deep  flesh-red  porphyritic  individuals, 
often  Carlsbad  twins  of  orthoclase,  microcline  or  microperthite,  em- 
bedded in  a  groundmass  made  up  principally  of  biotite,  hornblende, 
epidote  and  sphene,  the  latter  containing  black  opaque  ores,  pre- 
sumably of  ilmenite. 

The  finer-grained  variety  of  granite  is  characteristic  of  two  areas. 
The  smaller  one  is  situated  immediately  east  of  the  Lady  Violet 
mine,  and  extends  a  little  north  of  the  Manitoulin  and  North  Shore 
railway,  on  the  boundary  between  McKim  and  Snider  townships.  It 
-  v?rs  a  considerable  portion  of  lot  1.  con.  IV,  of  the  township  of 
Snider. 

The  other  and  larger  area  extends  from  the  main  line  of  the  Cana- 
dian Pacific  railway,  a  little  southeast  of  the  Murray  mine,  northeast 
to  within  a  quarter  of  a  mile  of  the  Little  Stobie  mine.  It  thus  con- 
stitutes an  oval  area,  measuring  about  three  miles  in  length,  and 
averaging  about  three-quarters  of  a  mile  in  width.    A  microscopical 
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examination  of  the  thin  section  shows  an  aggregate  of  quartz,  ortho- 
clase,  plagioclase,  biotite,  hornblende,  magnetite  and  zircon.  The 
rock  has  evidently  been  subjected  to  great  crashing.  The  structure 
is  by  no  means  uniform,  but  larger  fragments  are  embedded  in  a 
finer-grained  mosaic,  which  has  resulted,  in  great  part,  from  their 
peripheral  granulation.  The  magnetite  is  highly  titaniferous,  as  it  is 
often  .surrounded  by  borders  of  leucoxene  or  the  more  normal  sphene. 
Besides  these,  a  very  small  and  irregularly  shaped  area  crosses  the 
Manitoulin  and  North  Shore  railway,  immediately  east  of  Pump  lake, 
on  lot  1.  con.  IV,  of  Snider  township.  It  has  a  general  resemblance 
to  the  coarse  '  augen '  variety.  This  small  mass  measures  about  850 
feet  long  and  from  150  to  500  feet  wide. 

About  two  miles  west  of  the  Murray  mine.  Walker  mentions  that 
the  nickel  bearing  eruptive  is  cut  by  two  separate  intrusions  of  fine- 
grained pinkish,  biotite-granite,  which  send  off  apophyses  into  the 
surrounding  greenstone.  The  wider  of  the  intrusions  is  about  100 
yards  brond,  while  the  smaller  is  less  than  sixty  yards.  The  microscope 
shows  that  quartz,  orthoclase,  plagioclase  and  biotite,  are  the  chief 
constituents.  Considerable  areas,  in  the  vicinity  of  the  line  of  junc- 
tion between  these  granites  and  the  older  greenstones,  are  character- 
ized by  the  presence  of  a  breccia,  made  up  of  an  extremely  intricate 
intrusion  or  penetration  of  the  greenish  schistose  rocks  by  dikes  and 
irregular  masses  of  granitic  material.  The  chief  alteration  noticed 
in  connexion  with  the  greenstone  is  the  development  of  biotite  at 
the  expense  of  the  original  hornblende,  and  the  replacement  of  the 
plagioclase  by  a  fine  mosaic  of  secondary  plagioclase,  quartz  and  epi- 
dote,  the  rock  being  thus  a  well  formed  mica  or  biotite  schist.  Subse- 
quent differential  movements  have  occasioned  very  considerable  de- 
formation, and  some  portions  of  the  resultant  rock  mass  represent 
very  perfect  and  characteristic  pseudo-conglomerates.  Areas  of  these 
breccias  are  often  big  enough  to  be  shown  on  maps  of  ordinarily  large 
scale.  They  are  especially  noticeable  east  and  southeast  of  the  Ger- 
trude mine,  and  betwen  this  and  the  Creighton  mine,  and  some  of  the 
cuttings  of  the  Manitoulin  and  North  Shore  railway,  between  these 
two  mines,  have  been  made  through  hills  of  this  breccia.  It  seems  to 
occupy  a  lenticular  area,  intervening  between  the  norite  and  the 
granite,  the  widest  part  being  a  little  over  three-quarters  of  a  mile, 
while  the  length  from  northeast  to  southwest  is  about  three  miles. 
To  the  northeast,  in  the  vicinity  of  the  North  Star  mine  and  beyond, 
as  far  as  Olarabelle  lake,  considerable  areas  are  underlaid  by  this 
breccia,  while  in  the  neighbourhood  of  the  Murray  mine  they  are 
especially  noticeable  and  well  developed.  The  manager's  house  at 
Copper  Cliff  is  located  on  a  rocky  knoll,  made  up  of  this  breccia,  and 
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a  comparatively  narrow  band  of  thia  rock  extends  for  a  short  distance 
in  a  southwesterly  direction. 

In  addition,  the  main  mass  of  the  granite  batholith  contains  fre- 
quent inclusions,  often  of  large  size,  of  these  older  greenstones  and 
schists,  the  reason  for  their  presence  and  occasional  abundance  being 
readily  explained  by  Dr.  Daly  as  due  to  '  stoping/  as  he  terms  the 
phenomenon  of  the  detaching  of  portions  of  the  original  material 
overlying  or  enclosing  a  batholith,  and  the  inclusion  of  such  frag- 
ments in  the  mass  of  the  original  magma.  (*) 

(5.)  Post  Huroxiax. 

(B.)  NICKEL  BEARING  ERUPTIVE. 

Soon  after  the  discovery  of  these  nickel  and  copper  deposits  it 
was  remarked  that  all  of  the  rich  and  extensive  ore-bodies  occurred 
in  intimate  connexion  with  certain  basic  eruptive  rocks  of  medium 
texture,  and  which  for  convenience  of  description,  and  in  the  absence 
of  more  precise  information,  were  usually  referred  to  under  the 
names  of  greenstone  and  diorite.  The  first  published  microscopical 
descriptions  were  all  in  substantial  agreement,  in  regarding  the  pre- 
vailing type  of  the  nickel  bearing  eruptive  as  made  up  essentially  of 
plagioclase  and  hornblende,  with  a  smaller  proportion  of  biotite  and 
quartz,  while  ilinenite  and  apatite,  with  variable  quantities  of  pyrrho- 
tite  and  chalcopyrite,  were  the  usual  accessory  constituents.  The 
rock  was,  therefore,  regarded  as  an  intrusive  gabbro  or  diabase,  which 
owing  to  subsequent  metamorphism,  had  its  pyroxenic  components 
changed  to  secondpry  hornblende  or  uralite.  Rocks  quite  like  these 
had  been  studied  in  many  regions,  where  they  could  be  traced  with 
certainty  into  basic  eruptives  of  normal  character,  and  it  was  confi- 
dently predicted  oy  the  late  Prof.  G.  H.  Williams,  who  was  the  first 
to  make  any  detailed  petrographical  examination  of  these  rocks, 
that  '  specimens  might  be  collected  at  some  of  these  localities  which 
would  establish  positively  both  the  original  form,  and  the  course  of 
alteration  of  the  present  specimens.'  (*) 

Included  in  the  same  suite  of  specimens  as  the  foregoing,  all  of 
which  had  been  sent  by  Dr.  Bell  to  Prof.  Williams  for  identification 
and  description,  was  one  which  had  been  collected  near  the  Dominion 
mine,  in  the  township  of  Blezard,  but  which,  in  the  hurry  of  a  first 
examination,  was  regarded  as  occurring  in  the  form  of  a  dike.  This 
rock,  the  exceptional  character  of  which  was  noted  at  the  time  by 

•  —   —  -      -  —  ■  —  ■  *  —  L 

<H  Araer.  Jour.  Sc..  Vol.  XVI.,  1903.  p.  108. 

(1)  Ann.  Rep.  Geol.  8urv.  Can..  Vol.  V.,  189T -91.  Part  F.  pp.  60  and  62. 
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Prof.  Williams,  and  which  was  described  as  a  1  quartz-hyperstlieue- 
gabbro  with  accessory  biotite '  was  in  reality  a  practically  unal- 
tered representative  of  the  nickel  bearing  eruptive,  although  its  iden- 
tity us  such  was  not  suspected  until  some  years  afterwards. 

All  of  these  first  microscopical  determinations,  therefore,  showed 
n  normal  type  of  greenstone,  differing  in  no  essential  particular  from 
others  similarly  altered,  and  with  no  apparent  reason  for  the  develop- 
ment of  such  unusually  large  and  rich  deposits  of  sulphide  material. 
At  the  same  time,  the  field  and  prospectors'  term  of  diorite  was  justi- 
fied, us  also  the  names  proposed  after  more  detailed  microacopicaJ 
examination,  such  as  uralitic  or  gabbro-diorite,  uralitic  diabase,  etc. 

It  is  to  be  regretted,  therefore,  that  although  great  care  was  exer- 
cised in  the  collection  of  the3e  first  or  type  specimens,  attention  was 
directed  chiefly  to  the  selection  of  material  in  immediate  association 
with  the  ore-bodies,  and  the  rocks  thus  obtained  were  in  such  ad- 
vanced stages  of  decomposition  that  no  very  definite  or  precise  infor- 
mation was  possible  in  regard  to  their  original  composition  or  true 
uffimiies.  As  a  consequence  of  this  the  opinion  prevails  that  the 
whole  of  the  eruptive  in  the  vicinity  of  these  nickel  deposits  is  com- 
pletely altered,  whereas  the  very  opposite  appears  to  be  the  case,  and 
most  of  the  writer's  collection  of  fresh  and  unaltered  material  was 
obtained  in  the  immediate  vicinity  of  the  various  mines.  In  this 
connexion  it  may  be  remarked  that  some  of  these  hand  specimens, 
containing  as  much  as  from  5  to  10  per  cent  of  the  sulphides,  have 
undergone  so  little  metamorphism  as  to  permit  of  the  positive  identi- 
fication of  all  the  prevailing  minerals,  including  hypersthene,  ensta- 
tite.  diallage,  olivine  and  labradorite. 

In  1892  the  late  Baron  von  Foullon  published  the  first  detennina- 
1 1 •  >n  <>f  thrt  nickel  bearing  eruptive  occurring  in  the  vicinity  of  the 
Murray  mine,  snowing  it  to  be  a  gabbro,  closely  related  to  the  norites, 
his  description  being  prepared  after  a  study  of  material  collected  at 
this  locality  in  the  summer  of  1890.  In  1893,  Dr.  A.  P.  Coleman 
identified  the  eruptive  of  the  Northern  Nickel  range  as  a  gabbro 
containing  both  diallage  and  hypersthene. 

The  true  significance  of  these  discoveries  and  isolated  descriptions 
was  not,  however,  fully  appreciated  until  the  appearance  of  Dr. 
Walker's  results,  the  issuing  of  this  publication  marking  a  very  signal 
advance  in  our  knowledge  regarding  the  origin  and  relationship  of 
these  sulphide  deposits  and  their  associated  rocks. 

The  nickel  bearing  eruptive,  characteristic  of  the  three  main  belts 
or  ranges,  may,  for  purposes  of  description,  be  considered  under  two 
divisions. 


(2>  Ann.  Rop.  GpoI.  Surv.  Can..  Vol.  V..  1890-91.  Part  F.  pp.  77-78. 
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I.  A  basic  portion:— Including  certain  gabbroid  rocks,  chiefly,  at 
least,  of  the  norite  facies,  with  their  derivative  diorites,  with  which 
the  nickel  and  copper  hearing  sulphides  are  immediately  associated. 

II.  An  acidic  portion: — Comprising  large  areas  of  rock  of  grani- 
tic type,  with  well  marked  gueissoid  structure,  the  prevalence  and 
abundance  of  the  graphic  intergrowth  of  the  quartz  and  feldspar, 
known  as  pranophyre  or  micropegmatite,  having  suggested  the  name 
*  micropegmatite,'  by  which  this  rock  is  now  generally  known. 

The  least  altered  phase  of  the  basic  portion  of  the  eruptive  is  re- 
presented by  what  may  be  referred  to  as  '  norite/  The  rock  is  some- 
times called  a  '  quartz  hypersthene-gabbro;  but  for  general  purposes 
the  former  name  is  preferred. 

The  microscopical  examination  shows  the  rock  to  be  an  eruptive 
of  rather  exceptional  character  and  interest.  It  belongs  to  the  general 
family  of  gabbros,  but  with  distinct  traces,  and,  at  times,  well  marked 
diabasic  or  ophitic  structure.  The  prevalence  and  usual  preponder- 
ance of  hypersthene  or  enstatite  show  its  close  affinity  with  the 
norites,  while  it  contains,  what  is  very  exceptional  for  such  a  rock 
type,  an  abundance  of  original  quartz.  In  fact,  many  specimens 
could  be  secured  which  contain  nearly  as  much  quartz  as  an  ordi- 
nary hornblende  granite.  In  some  instances,  noticeably  at  the  Cop- 
per Cliff  mines,  a  large  quantity  of  micropegmatite  or  granophyre  is 
present,  the  feldspathic  constituent  of  this  graphic  intergrowth  being 
usually  plagioclase.  Exposures  show  a  massive,  medium  to  coarse- 
grained, dark-greyish,  greenish-grey  or  brown  rock,  which  is  often 
almost  black  in  colour  on  freshly  broken  surfaces.  Scales  of  deep 
brown  biotite  are  usually  conspicuous,  while  the  quartz  is  perhaps 
equally  so.  in  very  characteristic  sapphire-blue  or  purplish  grains, 
the  colour  which  is  often  seen  in  the  phenocrysts  of  quartz-porphyries. 

These  rocks  do  not  offer  any  very  effectual  resistance  to  processes 
of  decomposition  and  erosion,  and.  as  a  consequence,  the  area  charac- 
terized by  their  presence  is,  generally,  one  of  low  relief. 

Spheroidal  weathering  is  characteristic,  but  not  so  pronounced  as 
in  the  case  of  the  later  dikes  of  the  olivine-diabase. 

The  orthorhombric  pyroxene,  either  hypersthene  or  enstatite,  shows 
n  distinct  approach  to  perfection  of  crystallographie  outline,  and,  in 
many  cases,  was  the  first  of  the  essential  minerals  to  form.  In  occa- 
sional instance?  the  hypersthene  is  unaccompanied  by  a  monoclinic 
pyroxene,  as  in  some  of  the  specimens  collected  in  the  vicinity  of  the 
Blezard  mine.  It  is  often,  by  far,  the  most  abundant  of  the  coloured 
constituents,  as  at  the  Murray  mine,  where  the  diallage  is  only  occa- 
sionally represented,  while  almost  the  whole  rock  mass  is  made  up  of 
hypersthene,  in  various  stages  of  decomposition,  the  small  and  inf  re- 
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quent  interspaces  being  occupied  by  plagioclase.  The  hypersthene  is, 
ns  a  rule,  rather  faintly  pleochroic,  although  specimens  from  the 
vicinity  of  the  Blezard  mine,  and  from  a  railway  cutting  about  one 
mile  and  a  half  northwest  of  the  Murray  mine,  are  very  strongly 
pleochroic,  rose  red  to  pale  yellowish-green.  The  enstatite  is  also 
colourless  in  thin  section,  and,  in  contradistinction  to  the  hypers- 
thene, exhibits  little  or  no  pleochroism.  Both  the  hypersthene  and 
the  enstatite  arc  very  liable  to  decomposition,  so  that,  in  most  cases, 
areas  of  this  mineral  are  replaced  by  an  aggregate  of  light-green, 
non-pleochroic,  brilliantly  polarizing,  fibrous  or  scaly  serpentine 
(bastite).  This  alteration  is  often  accompanied  by  the  separation  of 
minute  grains  of  magnetite.  In  most  eases,  even  the  fresh  individu- 
als of  hypersthene  are  bordered  by  a  compact,  strongly  pleochroic, 
green  hornblende,  which  is  doubtless  an  original  constituent.  This 
primary  hornblende,  likewise,  forms  borders  on  areas  showing  the 
complete  bastitic  alteration.  In  addition  to  this,  there  is  undoubted 
secondary  hornblende  resulting  from  the  alteration,  first  of  the  bas- 
tite into  actinolite,  and  this,  in  turn,  to  the  ordinary  type  of  green 
hornblende. 

The  monoclinic  pyroxene,  which  is  usually  present  in  subordinate 
amount,  in  likewise  frequently  bordered  by  primary  hornblende,  and 
thus  the  individuals  of  these  two  pyroxenes  cannot  be  distinguished 
from  one  another  in  specimens  which  have  undergone  any  advanced 
decomposition.  Sometimes,  both  pyroxenes  show  the  presence  of  the 
characteristic,  minute,  tabular  interpositions  or  schillerization  pro- 
duets,  but,  as  a  rule,  these  are  absent. 

The  diallagc  is  distinguished  from  the  orthorhombic  pyroxene 
chiefly  by  the  absence  of  pleochroism,  its  inclined  extinction,  and 
frequent  polysynthetic  twinning,  while  it  usually  shows  a  lower  index 
of  refraction  with  higher  double  retraction.  Olivine  is  present  in 
small  amount  in  the  norite  obtained  from  the  Little  Stobie  mine,  but 
most  of  it  is  altered  to  an  aggregate  of  deep-coloured  scaly  serpen- 
tine, talc  and  magnetite.  Biotite  is  an  almost  invariable  constituent 
and  is  usually  rather  abundant  in  large  plates  and  is  undoubtedly  '►f 
primary  origin.  The  plagioclase  is  usually  in  broadly  twinned,  stout, 
lath-shaped  or  tubular  crystals,  whose  frequent  interlacing  arrange- 
ment produces  the  characteristic,  rude,  ophitic  structure.  Separa- 
tions by  means  of  Thoulet's  heavy  solution,  as  well  as  the  extinction 
angles,  show  that  this  plagioclase  is  labradorite.  The  presence  of 
innumerable,  brown,  dust-like  inclusions,  presumably  of  ilmenite, 
gives  to  the  feldspar  its  prevailing  dark  colour. 

Quartz  and  occasionally  granophyre  fill  most  of  the  irregular 
interspaces  between  the  other  constituents,  although,  in  the  norite 
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from  the  Creighton  mine,  microline  almost  invariably  accompanies 
this  interstitial  quartz.  Apatite,  magnetite,  which  is  usually  highly 
titaniferous,  zircon  and  grains  of  pyrite,  pyrrhotitc  and  chalcopyrite 
are  almost  always  present.  These  sulphides  are  distinctly  of  primary 
origin,  and  were  among  the  earliest  of  the  minerals  to  crystallize 
from  the  original  magma,  antedating  even  the  magnetite,  in  some 
cases,  for  grains  of  pyrrhotitc  were  noticed  completely  enclosed  by  the 
iron  ore.  The  sulphides  occur,  for  the  most  part,  intimately  asso- 
ciated with,  and  frequently  embedded  in  the  coloured  constituents, 
in  much  the  same  way  as  the  magnetite,  from  which  they  can  only 
be  distinguished  by  the  difference  in  colour  in  reflected  light.  The 
pyrrhotitc  and  chalcopyrite  are  often  very  intimately  associated,  so 
that  they  are  extremely  difficult  of  separation,  even  the  smallest 
grains  showing  intimate  intergrowths  of  these  minerals  with  one 
another.  These  sulphides  frequently  occur  in  those  portions  of  the 
norite  which  have  suffered  so  little  from  dynamic  metamorphism  that 
only  an  occasional  dislocation  of  a  plagioclase  crystal  is  noticed, 
while  the  same  exposures  have  been  so  little  affected  by  liydrochemical 
agencies  that  such  readily  alterable  minerals  as  hypersthene,  ensta- 
tite,  olivine  and  di  all  age  are  still  plainly  recognizable  in  such  speci- 
mens. The  sulphide  material,  in  such  cases,  is  often  not  subordinate 
in  amount,  but  is  so  abundantly  disseminated  as  to  characterize  the 
rock,  and  justify  the  name  of  *  pyrrhotite-norite '  which  is  sometimes 
applied  to  it. 

Although  a  considerable  number  of  specimens  were  secured,  repre- 
sentative of  the  comparatively  unaltered  norite,  by  far  the  larger 
proportion  of  the  material  collected  consisted  of  a  massive,  usually 
coarse  gabbro-diorite  in  various  stages  of  alteration.  Very  few  of 
these  show  even  traces  of  dynamic  metamorphism,  and,  as  a  ride,  the 
ophitic  structure,  produced  mainly  by  tne  interlacing  arrangement  of 
the  plagioclase  crystals,  is  quite  undisturbed.  The  alteration  is 
mainly  due  to  hydrochemical  agencies,  and  affects  the  pyroxenic 
minerals,  decomposing  these  to  a  pale  yellowish-green  serpentine, 
sometimes  of  the  ordinary  type,  but  usually  of  the  bastite  variety. 
Actinolite  also  results  from  the  alteration  of  the  pyroxenes.  The 
compact  borders  of  primary  hornblende  often  surrounding  the  ori-  • 
ginal  pyroxenes  are  evidently  made  up  of  much  more  stable  material, 
not  having  been  affected  by  any  of  these  changes.  The  areas  for- 
merly occupied  by  the  pyroxene  are,  therefore,  replaced  by  bastite  or 
actinolite,  the  hornblende  borders  remaining  unaffected,  the  indi- 
viduals thus  decomposed  being  referred  to  as  uralite.  No  distinction 
can  be  drawn  between  grains  which  represent  hypersthene  or  diallage, 
as  both  of  these  minerals  apparently  decompose  to  closely  related,  if 
•  4187— 6  J 
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not  identical,  material.  The  labradorite  is  usually  quite  fresh,  In 
tabular  or  broad  blade-like  forms,  with  a  brownish  colour  of  varying 
shades,  which  is  so  prevalent  in  the  norites.  Occasionally  it  shows 
incipient  decomposition  to  the  usual  saussuritic  products,  mainly 
sericite,  but  also  epidote  and  zoisite.  Biotite  is  always  present  and 
conspicuous  in  large  plates  with  strong  pleochroism.  It  is  sometimes 
intergrown  with  the  hornblende  and  has  also  undergone  considerable 
'  bleaching.'  It  usually  contains  comparatively  large,  irregular  grains 
of  magnetite.  Quartz  is  always  present,  and  sometimes  abundant, 
filling  up  the  irregular  interspaces  between  the  other  constituents. 
Highly  titaniferous  magnetite  and  apatite  are  also  always  present, 
but  in  small  amount,  while  the  pyrrhotite  and  chalcopyrite  vary  in 
amount,  from  occasionally  disseminated  grains,  to  such  quantities 
as  ensure  the  use  of  the  mass  as  an  ore  of  nickel  and  copper. 

In  addition  to  the  norite  and  diorite  a  more  acid  rock  of  granitic 
composition  and  prevailing  gneissoid  structure  occurs,  which  cannot 
be  separated  genetically  from  the  more  basic  portion  with  which  the 
sulphides  are  more  directly  associated.  This  rock  has  usually  been 
referred  to  '  niicropegmatite,'  a  name  first  suggested  by  the  late  Prof. 
O.  H.  Williams.  (l)  There  is  no  sharp  line  of  demarcation  between 
the  acidic  and  basic  portions  of  the  nickel  bearing  eruptive,  but  the 
change,  though  gradual,  is  usually  sharp  enough  to  enable  a  boundary 
to  be  placed  betwen  these  two  types,  with  tolerable  accuracy.  Out- 
crops of  this  rock  are  evenly  banded  or  foliated,  with  a  distinct  strike 
and  dip,  usually  porphyritic.weather  a  pale  reddish  or  greyish  colour 
and  are  frequently  intersected  by  irregular  and  often  intricate  vein- 
like masses  of  quartz,  evidently  of  pegmatitic  origin.  On  freshly  ex- 
posed surfaces  tne  rock  is  usually  dark  coloured;  with  abundantly 
disseminated,  small,  reddish  or  yellow  phenocrysts  of  feldspar. 
Orthoclase  is  often  present  in  considerable  amount,  and,  towards  the 
outer  edge  of  the  mass,  is  the  predominant  feldspathic  constituent, 
but  plagioclase  (oligoclase  or  oligoclase-andeeine)  is  usually  more  or 
less  abundant.  Microperthite  and  microcline  are  also  often  present, 
but  in  subordinate  amount.  Much  of  the  feldspar  is  somewhat  tur- 
bid, owing  to  decomposition.  Biotite  is  the  prevailing  ferromngne- 
sian  mineral,  and  much  of  it  is  'bleached'  and  altered  to  chlorite. 
It  is  usually  in  small  irregular,  tattered  scales  and  plates,  arranged 
in  narrow,  approximately  parallel  bands,  gently  curving  around  and 
among  the  larger  phenocrysts  of  feldspar.  The  abundance  of  the  bio- 
tite, and  its  frequent  alteration  to  chlorite,  give  the  prevailing  dark 
colour  to  the  rock  on  fresh  surfaces.  The  transition  type  between 
the  niicropegmatite  and  the  norite  shows  a  varying  proportion  of 

(1)  Ann.  Rep.  Geol.  Surv.  Can.,  Vol.  V.,  1890-91.  Part  P,  p.  78. 
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hornblende,  which  mineral,  as  a  general  rule,  diminishes  in  amount 
in  passing  outward  from  the  norite,  although  certain  bands  of  rela- 
tively greater  basicity  show  an  appreciable  amount  of  this  mineral, 
even  at  a  considerable  distance  from  the  line  of  junction.  One  of 
the  most  noteworthy  points,  in  connexion  with  this  gneissoid  rock, 
is  the  prevalence  and  abundant  development  of  micropegmatite  or 
trranophyre,  and  also  the  fact  that  plagioclase  and  quartz  are  most 
frequently  the  component  minerals  forming  this  graphic  intergrowth. 
The  micropegmatite,  together  with  the  bisilicate  material,  chiefly 
biotite  or  chlorite,  and  sometimes  hornblende  and  accessory  epidote, 
ilmenite  and  sphene,  form  a  groundmass,  in  which  the  comparatively 
large  phenocrysts  of  feldspar,  chiefly  plagioclase,  but  sometimes  also 
orthoclase  and  microperthite,  are  embedded.  The  granophyre  or 
micropegmatite  very  often  stretches  out  in  various  directions  from  a 
central  portion  or  body,  made  up  of  well  twinned  and  rather  sharply 
bounded  crystals  of  plagioclase.  The  effect  of  pressure  is  very 
noticeable  in  all  the  thin  sections,  not  only  in  the  strain  shadows,  but 
also  in  the  dislocation  of  the  feldspar  individuals,  and  the  abundant 
development  of  the  fine  interstitial  quartz  and  feldspar. 

On  the  first  geological  map  this  micropegmatite  was  included 
with,  and  colourcu  as,  a  part  of  the  Laurent! an,  the  reddish  colour, 
gneissic  structure,  and  general  behaviour,  being  the  main  factors 
which  determined  this  classification. 

The  variation  in  the  chemical  composition,  marking  the  transi- 
tion from  the  norite  to  the  micropegmatite,  is  well  illustrated  by  a 
series  of  analyses  made  by  Dr.  T.  L.  Walker  (*)  from  specimens 
obtained  along  the  Blezard  mine  crossing.  The  specimens  range 
from  south  to  north,  from  I  to  V.  Analysis  Nc  IV  is  by  Mr.  C.  B. 
Fox,  M.A. 
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According  to  the  present  state  of  our  knowledge  there  are  three 
main  belts  of  norite  with  which  workable  deposits  of  the  various 
sulphides  carrying  nickel  and  copper  occur.  Until  recently  these 
were  believed  to  be  entirely  distinct  and  separated,  but  the  later,  more 
detailed  geological  examinations  are  tending  to  prove  that  these  are 
all  portions  of  a  geological  unit,  and  all  referable  to  one  continuous 
mass.  They  have  always  been  regarded  as  essentially  the  same  in 
origin  and  mineralogical  composition  and  approximately,  at  least,  of 
the  same  geological  age.  Two  of  these  belts  are  not  included  on  the 
accompanying  map-sheets  and,  so  far,  none  of  the  deposits  occurring 
in  association  with  them  have  ever  been  operated  as  mines,  pro- 
ducing ore  for  shipping  and  smelting  purposes. 

The  most  northerly  of  these  bands,  known  as  the  '  Northern 
Nickel  range,'  starts  from  the  old  Ross  mine  (W.  R.  5),  near  the 
line  between  lots  5  and  6,  on  the  line  between  cons.  Ill  and  IV,  of 
the  township  of  Foy,  and  extends  in  an  east-southeast  direction 
through  the  township  of  Bowell.  where  on  lot  6,  con.  IT,  it  branches. 
One  offset  runs  southeast,  into  the  townships  of  Lumsden  and  Mor- 
gan, where  its  limits  have  not  been  definitely  ascertained.  The  main 
band,  however,  runs  to  the  east,  cutting  across  the  township  of 
Wissner,  and  crosses  the  Vermilion  river,  immediately  north  of 
Bronson  lake.  Trending  still  more  to  the  north  it  connects  with  the 
large  area  of  basic  rocks  occurring  to  the  west  of  Wanapitei  lake. 
This  mass  extends,  for  the  most  part,  in  a  southerly  direction,  and,  as 
far  as  at  present  ascertained,  is  buried  beneath  the  sand  and  gravel 
plains  of  the  eastern  part  of  Garson  and  the  western  portion  of  Fal- 
conbridge.  It  is,  as  yet,  a  matter  of  conjecture  whether  this  mass 
is  continuous  with  the  southern  or  main  belt  of  the  norite.  which  to 
the  east  of  lot  3,  in  con.  Ill,  of  Garson,  is  likewise  covered  up  by  the 
heavy  mantle  of  drift.  It  is  probable,  however,  that  this  main  belt  is 
continuous  beneath  the  drift,  as  far,  at  least,  as  the  outcrops  of 
norito  occurring  on  cons.  IV  and  V,  of  Falconbridge.  It  may  be 
possible,  with  the  assistance  of  delicate  magnetic  instruments,  to 
trace  out  this  connexion,  but  this  work  will  be  difficult  and  tedious, 
on  account  of  the  great  accumulation  of  drift  material,  which  is 
sometimes  over  100  feet  in  depth. 

A  second  important  band  of  norite  occupies  an  approximately 
intermediate  position  between  the  other  two,  and  so  may  be  referred, 
to  as  the  '  Middle  Nickel  range/  although  it  is  likewise  known  as  the 
Levack  Nickel  range,*  while  Walker  refers  to  it  under  the  name  of 
the  '  Windy  Lake  eruptive.'  According  to  present  information  this 
band  starts  about  lot  12,  con.  Ill,  of  the  township  of  Trill,  extends 
north  and  northeast  through  this  township  into  Cascaden.  and 
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crossing  under  Windy  lake  goes  on  uninterruptedly  through  the 
northwest  corner  of  Powling.  to  lot  2,  eon.  IV,  of  Lavack  township. 
Little  information  is  available  in  regard  to  the  geology  of  the  inter- 
vening stretch  of  country  between  this  point  and  the  Koss  mine,  and 
it  is  possible  that  this  gap  may  be  filled  in  by  extending  this  norite 
range  still  farther  to  the  northeast.  The  area  to  the  east  and  south- 
east is  known  to  be  occupied  by  the  acid  differentiate  of  the  norite, 
(microjiegnmtitr)  so  t ha r  a  connexion  between  the  Lrvaek  and  the 
Northern  Nickel  range  is  well  within  the  limits  of  possibility.  To 
the  southwest  the  Levack  range  reached  within  two  miles  of  the  old 
Sultana  and  Trillabelle  nickel  mines,  so  that,  in  this  direction  also, 
a  connexion  may  be  made  with  the  southern  or  main  belt  of  the 
norite.  The  celebrated  Levack  nickel  deposits  are  developed  along 
the  northern  contact  of  this  band  with  the  granitite-gneiaa  included 
as  Laurentian. 

By  far  the  largest  and  most  important  band  of  norite,  however,  .'s 
what  is  known  as  the  '  Southern  or  Main  Nickel  range,'  a  portion  of 
which  has  been  described  by  Dr.  Walker  under  the  name  of  the 
'  Whitson  Lake  eruptive.'  Its  southeastern  limit,  in  all  probability, 
consists  of  a  comparatively  narrow  band  of  basic  eruptive  material, 
crossing  the  southern  portion  of  Trill,  and  extending  thence  into  the 
nortftw 'astern  part  of  Drury  township.  Its  possible  connexion  in  this 
direction  with  the  Middle  or  Levack  Nickel  range  has  already  been 
discussed.  From  Drury,  the  band  of  norite  extends  eastward,  cross- 
ing the  southern  half  of  lot  12.  con.  V  ,  of  Denison.  From  this  point 
it  has  been  traced  continuously,  in  a  northeast  direction,  for  a  dis- 
tance of  about  thirty-five  miles,  as  far  as  lot  8,  con.  Ill,  of  Garson, 
where  the  exposures  pass  under  the  extensive  accumulation  of  drift 
material.  At  the  Victoria  mines  the  basic  portion  of  the  intrusive 
is  rather  less  than  a  mile  in  width,  but  at  the  crossing  of  the  Ver- 
milion river  this  width  is  increased  to  one  mile  and  three-quarters, 
while  in  the  vicinity  of  the  Creighton  mine  the  norite  is  a  little  over 
two  miles  wide.  Through  the  townships  of  Snider,  McKim  and 
Blezard  the  width  of  the  norite  is  fairly  uniform,  averaging  about 
one  mile  and  a  naif,  gradually  becoming  narrower  until  Garson  town- 
ship is  reached,  where  the  basic  portion  of  the  nickel  bearing  erup- 
tive is  scarcely  half  a  mile  in  width. 

On  lot  2.  con.  IV,  of  the  township  of  Snider,  this  main  belt  of 
norite  sends  off  a  narrow,  dike-like  extension  or  offset,  in  a  south- 
easterly direction,  on  which  are  situated  most  of  the  mines  of  the 
Canadian  Copper  Company,  at  Copper  Cliff.  This  band  runs  across 
the  northeast  end  of  Clarabelle  lake,  and  crossing  Lady  Macdonald 
lake  it  runs  with  unbroken  continuity  as  far  as  No.  2  mine,  where 
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its  further  extension  southward  is  covert<i  up  with  drift.  Mine  No. 
2,  with  its  extensions  to  the  north,  mines  No.  4,  5  and  6,  are  all  im- 
mediately a«»nciate-l  with  this  narrow,  dikelike  form,  while  the 
Lady  Violet  mine  is  located  at  the  eastern  junction  of  the  norite  with 
the  granite,  a  short  distance  northeast  of  the  point  where  it  joins  the 
main  mass. 

It  is  unnecessary  to  furnish  similar  details  of  the  distribution  of 
the  micropegmatite  or  acid  portion  of  the  nickel  bearing  eruptive,  but 
the  area  underlaid  by  this  rock  is  considerably  in  excess  of  the  basic 
portion,  as  shown  on  the  map. 

The  famous  old  Copper  Cliff  mine  is  a  veritable  chimney  of  ore, 
occurring  in  connexion  with  an  isolated  stock  of  norite,  which  comes 
in  contact  with  feldspathic  quartzites  and  green  schist.  The  open- 
ings in  the  vicinity  of  the  Ontario  Smelting  Works  belong  to  three 
separate  masses  of  norite,  which  are  surrounded  by  banded  tuffs  and 
quartzite.  It  is  difficult  to  obtain  specimens  from  the  small  area  of 
norite  on  wliich  the  Evans  mine  is  situated  sufficiently  free  from  the 
sulphide  material  for  purposes  of  examination. 

The  Little  Stobie  mine,  Dominion,  Davis  property,  Kirkwood  and 
Cryderman  mines,  are  situated  on  the  borders  of  the  main  belt  of 
norite  with  green  schist.  The  Stobie  and  Frood  mines  occur  in  con- 
junction with  comparatively  small  stocks  or  areas  of  norite,  which 
are  separated  from  one  another.  The  Elsie  mine  occurs  at  the  junc- 
tion between  norite,  on  the  one  hand,  and  green  schist  and  hornblende 
porphyrite,  on  the  other.  The  Murray  mine  occurs  at  the  junction 
between  the  granite  and  greenstone  breccias  and  green  schists  on  the 
one  hand,  and  the  main  band  of  norite  on  the  other;  while  the  old 
Cameron  mine,  farther  to  the  northeast,  is  found  at  the  junction 
between  the  granite  and  the  norite.  The  North  Star  and  Creighton 
mines  occur  at  the  junction  between  the  granite  and  the  norite. 

The  various  openings  known  as  the  Gertrude  mine  are  located 
along  the  junction  between  the  main  band  of  norite  and  a  breccia 
made  up  of  the  granite  intrusive  through  the  older  greenstone  and 
schists.  The  main  shaft  of  the  Victoria  mines  is  at  tho  end  of  a 
small  offset,  connected  with  the  main  mass  at  the  junction  between 
the  norite  and  the  older  green  schists.  Without  exception,  all  of 
these  immense  bodies  of  sulphide  material  are  situated  at  the  imme- 
di:  te  contact  between  the  intrusive  norite  and  the  older  rock  in  such 
a  way  as  to  indicate  in  the  clearest  manner  their  common  origin. 

(C.)  LATER  DIKES  OF  OLIVINE  DIABASE. 

The  rock  usually  designated  olivine  diabase,  and  characteristic  of 
what  has  been  called  the  later  dikes  is  very  uniform  in  mineralogical 
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composition  and  structure.  Hand  specimens  show  a  rock  which  id  dark- 
grey,  greenish-grey,  to  almost  black,  with  spheroidal  rusty  weather- 
ing, which  is  very  characteristic.  In  many  instances,  exposures 
exhibit  a  rude  basaltic  structure  and  are  frequently  porphyritic,  with 
phenocrysts  of  yellowish  or  greenish  labradorite,  often  an  inch  or 
even  more  in  diameter.  The  alteration  of  these  phenocrysts  produces 
the  mineral  '  huronite/  so  named  by  Thomson.  These  dikes  possess 
well  marked  selvages  of  fine-grained,  occasionally  glassy  material 
(tachylite),  and  present  every  gradation  between  basalt  and  diabase. 
The  thin  section  of  the  fairly  coarse  rock  shows  a  remarkably  fresh 
oli vine-diabase,  made  up  chiefly  of  plagioclaae,  augite  and  olivine. 
The  plagioclaae  is  the  principal  constituent  and  is  generally  quite 
fresh  and  glassy,  although  occasionally  somewhat  turbid,  as  a  result 
of  incipient  decomposition.  Being  the  earliest  constituent  to  crystal- 
lize, it  is  in  idiomorphic,  well  twinned,  tabular  or  lath-shaped  crystals, 
which  have  a  marked  ophitic  arrangement.  The  extinction  angles 
clearly  indicate  labradorite.  The  twinning  is  according  to  the  albitc 
law,  but  a  combination  of  the  albite  and  pericline  law  is  very  com- 
mon. Occasional  individuals  exhibit  twinning  according  to  the  rarer- 
baveno  law.  The  augite  shows  a  very  irregular  or  jagged  outline, 
with  characteristic  imperfect  or  interrupted  cleavages.  It  is  reddish 
to  violet  brown  in  colour,  and  very  distinctly  pleochroic.  The  olivine 
occurs  in  more  or  less  rounded,  pale  yellow  grains,  and  sometimes 
fills  in  the  spaces  between  the  feldspar  crystals.  It  is  remarkably 
fresh,  but  occasionally  shows  decomposition  to  a  deep  green,  compact 
serpentine  (antigorite). 

Apatite  is  very  abundant,  in  the  usual  acicular  prismatic  forms, 
and  the  opaque  constituent  is  probably  ilmenite.  Some  of  the  thin 
sections  are  very  instructive,  especially  as  regards  the  order  of  crys- 
tallization of  the  various  mineral  constituents.  Apatite  was  cer- 
tainly the  first  to  crystallize,  as  it  occurs  in  sharp,  well  defined, 
elongated  prisms  which  are  embedded  in,  or  pierce  the  other  constitu- 
ents. The  labradorite  has,  in  most  cases  at  least,  crystallized  before 
the  augite,  but  its  relation  to  the  olivine  is  not  quite  so  distinct.  In 
some  cases  the  olivine  has  the  rounded  outline  it  usually  assumes 
when  its  crystallisation  is  not  interfered  with,  but  often  it  may  be 
found  occupying  the  triangular  interspaces  between  the  feldspar  laths, 
or  sharply  moulded  upon  them.  It  appears,  therefore,  that  the  period 
of  the  crystallisation  of  the  olivine  ceTtainly  overlapped  that  of  the 
labradorite,  although,  in  general,  the  olivine  is  distinctly  earlier. 
Most  of  the  ilmenite,  likewise,  is  earlier  than  the  plagioclase,  but 
occasional  individuals  contain  crystals  of  olivine  and  plngioelase, 
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showing  that  some  of  the  ilmenite  formed  after  the  olivine  and 
plagioclase. 

A  quantitative  analysis  of  a  specimen  from  the  big  dike  near  Mur- 
ray mine  gave  Dr.  Walker  C)  the  following  results: 


SiO,   47-22 

A1A   16-52 

Fe;0,   3-32 

FeO   12-40 

MnO   0-04 

CaO   9  01 

MgO   3-33 

K,0   0-67 

Na30   3-40 

TiO  *   3-62 

PA   0-33 

BaO   0  01 

CuO   trace. 

NiO   0  0275 

CoO   0  0055 

Loss  by  ignition.   0  30 


Total  10D  803 

Specific  gravity   3  01 


These  dikes  of  olivine-diabase  are  distinctly  later  in  age  than  the 
rest  of  the  associated  rocks.  They  cut  the  greenstones  and  associated 
micropegmatito,  as  well  as  the  ore  bodies  themselves.  They  likewise 
rut  the  tuffs,  breccias  and  quartzites,  although  one  dike  was  noticed 
which  did  not  reach  the  summit  of  the  quartzites,  but  was  cooled 
against  the  upper  beds. 

As  a  rule.,  most  of  these  dikes  are  remarkably  fresh  ami  unaltered, 
and  all  of  those  mapped  as  occurring  in  the  vicinity  of  the  Murray 
mine  are  of  this  description.  On  the  other  hand,  with  the  single 
exception  of  the  large  dike  which  runs  in  a  northwest  direction  near 
the  Ontario  Smelting  Works,  all  of  the  others  are  much  altered  and 
decomposed,  and  thin  sections  prepared  from  these  cannot  be  dis- 
tinjruished  from  the  finer  grained  and  more  basic,  altered  facies  of 
the  norite.  The  boundaries  between  the  bisilicates  and  plagioclase 
are  not  well  defined,  the  latter  containing  scattered  shreds  and  grains 
of  hornblende  and  biotite.  The  plagioclase  shows  U>e  same  cloud-like 
arrangement  of  sub-microscopic  inclusions,  presumably  of  ilmenite. 
The  hornblende  is  in  small,  strongly  plechroic  individuals,  and  is 

(1)  Quart.  Jour.  Oeol.  Soc.  Lon.,  February.  1897.  p.  63. 
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very  abundant.   Biotite  is  also  abundant,  while  the  ilmcnite  is  largely 
represented  by  sphene.    The  ophitic  structure  still  remains,  but  is 
not  so  pronounced.    Most  of  the  plagioclase  is  quite  fresh,  but  some 
of  it  is  altered  to  a  saussuritic  aggregate.   Quartz  is  fairly  abundant, 
filling  in  small,  irregular  interspaces  between  the  other  constituents. 
Small  grains  of  sulphide  material  are  also  disseminated  through  the 
rock.    The  occurrence  of  such  a  rock  in  dike-like  form,  with  the 
same  mineralogical  composition  of  the  norite,  indicates  that  these 
dikes,  at  least.,  are  later  and  differentiated  portions  of  the  norite. 
representing  the  dying  efforts  of  the  very  pronounced  and  long  con- 
tinued vulcanism.    The  occasional  presence  of  olivine  in  the  norite 
of  the  Little  Stobie  mine,  and  the  recognition  of  quartz  in  some  of 
these  later  dikes,  have  supplied  the  links  hitherto  missing  and  neces- 
sary for  a  proper  \inderstanding  of  the  relationship  existing  between 
these  two  rocks.    As  shown  by  Walker,  in  the  analysis  quoted  of  a 
fresh  type,  this  olivine-diabase  contains  small  quantities  of  copper, 
nickel,  and  cobalt,  which  the  same  author  regards  as  original  con- 
stituents of  the  olivine-diabase  magma.    The  relations  of  these  dikes 
to  the  various  ore  bodies  through  which  they  are  intruded  show  dis- 
tinctly that  these  latter  had  already  attained  their  present  dimensions 
at  some  time  previous  to  the  intrusion  of  the  dikes.    For  the  most 
part  they  have  a  fairly  constant  direction,  but  present  frequent  broad 
curves  and  occasional  faults.    Two  of  the  largest  dikes  met  with 
vary  in  width  from  150  to  200  feet,  and  were  traced  with  practically 
unbroken  continuity   from  the  northwest  corner  of  Me  Kim  town- 
ship, southeast  to  Ramsay  lake.    There  is  no  local  enrichment  what- 
ever of  the  ore  bodies  in  the  vicinity  of  the  dikes,  as  has  frequently 
been  surmised.    The  influence  occasioned  by  their  passage  through 
these  ore  bodies  is  extremely  local  and  very  insignificant.    In  the 
vicinity  of  the  Copper  Cliff  and  Murray  mines,  and  the  area  inter- 
vening, many  of  these  dikes  have  been  encountered,  and  it  has  been 
found  possible  over  this  limited  area  to  accurately  determine  and 
map  their  dimensions  and  direction,  and  although  the  prevailing 
direction  is  perhaps  northwest  and  southeast,  many  of  them  occupv 
fissures  with  courses  very  widely  divergent. 

Minerals  Associated  with  the  Nickel  and  Copper  of  the  Sudbury 

Mining  Region. 

PYRRHOTITE  AND  CHALCOPYRITE. 

The  ore  bodies,  with  which  the  nickel  and  copper  are  immediately 
associated,  consist  essentially  of  pyrrhotite  (Fe,  S.)  which  is  by  far 
the  most  predominant  constituent,  and  ehalcopyrite  (Cu  Fc  S.)  usually 
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in  much  smaller  amount,  and  a  varying  proportion  of  gangue,  con- 
sisting mainly  of  the  associated  eruptive  or  its  constituent  silicates. 
The  nickel  present  in  the  ore  bodies  is  not,  as  so  many  have  supposed, 
an  essential  constituent  of  the  pyrrhotite,  isomorphously  replacing 
an  equivalent  amount  of  iron,  but  is  mainly  present,  at  least  as  a 
distinct  and  magnetically  separable  nickel-iron-sulphide  known  as 
pentlandite.  This  mineral  is,  as  a  rule,  very  intimately  associated 
with  the  pyrrhotite.  but  occasional  hand  specimens  from  the  lower 
levels  of  the  old  Copper  Cliff  mine  show  a  rather  intimate  associa- 
tion of  nearly  pure  pentlandite  and  chalcopyrite.  The  pyrrhotite 
and  chalcopyrite  will  be  described  more  fully  in  that  portion  of  the 
bulletin  dealing  with  the  composition  of  the  ore  bodies. 

PENTLANDITE. 

This  mineral  is  usually  very  intimately  associated  with  the  pyrrho- 
titv.  and  is  so  finely  disseminated  through  the  mass  of  this  "mineral 
that  a  separation  can  only  be  effected  by  very  fine  grinding.  Though 
pentlandite  itself  is  feebly  magnetic,  and  in  finely  powdered  form  is 
attracted  by  an  ordinary  hand  magnet,  advantage  is  taken  of  the  great 
difference  in  the  magnetism  of  these  two  minerals  to  effect  their 
separation.  It  requires  repeated  trials  to  eliminate  the  last  traces  of 
the  pyrrhotite,  but  this  has  been  successfully  done  by  Penfield, 
Browne  and  Dickson,  and  their  analyses  which  are  quoted  give  all 
necessary  details  of  the  chemical  composition  of  this  mineral,  show- 
ing it  to  be  very  uniform  over  the  whole  district.  It  is  essentially 
the  same  as  the  original  pentlandite  (eieennickelkies),  analyzed  by 
Scheerer,  but  contains  more  nickel,  and  less  iron  and  sulphur.  Some- 
times, as  at  the  Worthington  mine,  it  occurs  in  tolerably  large  pieces, 
which  can  be  readily  distinguished  from  the  enclosing  pyrrhotite,  but 
even  these  contain  a  considerable  amount  of  disseminated  pyrrhotite, 
so  that  material  thus  secured  rarely  assays  over  30  per  cent  of 
nickel.  The  mineral  is  very  abundant  at  the  Creighton  mine,  and 
can  be  readily  recognized  on  account  of  its  perfectly  developed,  octa- 
hedral parting.  It  is  somewhat  paler  in  colour  than  the  pyrrhotite, 
varying  from  steel-grey  to  silver-white,  and  almost  invariably  breaks 
with  flat  surfaces,  which  are  planes  of  parting,  parallel  to  the  octa- 
hedron. The  mineral,  however,  in  freshly  broken  material,  cannot 
readily  be  distinguished  from  the  equally  fresh  pyrrhotite,  especially 
if  the  planes  of  parting  are  imperfectly  developed.  Exposure  to  the 
weather  brings  about  a  rapid  change  in  colour  to  a  peculiar  pale 
bronze  yellow,  which  is  very  characteristic  and  quite  distinct  from 
the  pyrrhotite. 


Digitized  by  Google 


•  MINERALS  OF  THE  SUDBURY  MINING  REGION 


9.3 


The  material  obtained  by  Penfield  (')  was  crushed  and  sifted  to  a 
grain  of  from  1-2  mm.  in  diameter,  and  the  pyrrhotite  was  extracted 
by  means  of  an  ordinary  magnet.  1  he  pentlandite,  for  analysis,  was 
further  carefully  selected  by  hand-pickir.g. 

Similar,  preliminary,  careful  preparation  of  material  was  used  by 
Mr.  C.  W.  Dickson  (*).  The  following  are  the  analyses: — No.  1 
(Penfield);  2-4,  (Dickson);  5-9,  (Browne)  (').  Analyses  5-7  in- 
clusive, are  stated  to  contain  some  pyrrhotite  as  fine  dust.  Analyses 
10  and  11,  are  by  Seheerer  (4)  of  the  peutlandite  from  Lillehammer. 
Analysis  No.  2,  is  from  Creighton  mine;  No.  3,  Worthington  mine; 
No.  4,  Frood  mine;  No.  5,  Copper  Cliif  mine;  No.  6,  Stobie  mine; 
No.  7,  Evans  mine;  No.  8,  Copper  Cliff  mine  (hand-picked);  No.  9, 
Evans  mine  (hand-picked). 

1        2        3        4        5        6        7        8        9      10  11 

Ni   34-29  34-82  3:1  70  34  98  35  06  34  70  34  12  35  00  34  90  18  35  21  07 

Co   0-85   0  84    0  78    0  85   

Fe   30  25  30  «H)  29  17  30*04  29  80  29  90  29  95  30  30  29  GO  42  70  4<>  21 

S   33  42  32  90  32  30  33  30  34  35  3:$  90  35  43  33  50  33  55  M  45  30  04 

Cu   1  10   1  78 

Gangu«  067  

99  42  98-58  95  93  99  17  99  2")  98  o0  9950  98  80  98-05  98  08  99  70 

The  ratios  in  Prof.  Penfield's  analysis  are  S*  (Fe  +  Ni)— 1*044: 
1*047,  almost  1  :  1,  or  that  of  a  normal  sulphide  (Ni  +  Fe)  S.  The 
ratio  of  the  Fe:  Ni  is  1  :  1*32,  while  in  that  from  Lillehammer,  it  is 
about  1  :  1.  Dickson  remarks  that  the  ratio  of  the  (Ni  +  Fe):  S 
varies  from  10  91  to  11*07:  10,  and  points  out  that  this  ratio  11: 
10  is  not  accidental,  but  constant  for  all  analyses  of  pure  material. 
He,  therefore,  suggests  that  the  formla  for  this  mineral  be  written 
(Fe  +  Ni)n  Sio  which  seems  rather  clumsy  and  an  unnecessary  re- 
finement of  expression  of  material,  which,  even  when  every  precau- 
tion is  taken,  is  still  not  absolutely  pure.  The  formula  of  the  Lille- 
hammer pentlandite  is  given  as  2  Fe  S4-Ni  S.  The  ratio  of  nickel 
to  cobalt  in  the  Sudbury  pentlandite  varies,  running  from  40  to 
42:  1,  is  worthy  of  remark,  as  this  proportion  is  almost  identical 
with  that  found  in  the  ore  bodie9. 

A  magnetic  separation  of  the  nearly  pure  sulphides  forming  the 
ore  from  the  Creighton  mine  was  made  by  means  of  the  Wetherill 
separator,  the  material  thus  used  being  crushed  to  different  degrees  of 
fineness,  and  graded  by  means  of  sieves.  The  original  product  showed 
an  assay  value  of  1.20  per  cent  of  copper,  and  4.87.  per  cent  of  nickel, 
with  2.49  per  cent  of  insoluble  matter.  The  very  fine  material  gave 
the  cleanest  separation,  and  some  of  that  which  passed  through  a 

(1)  Amer.  Jour.  Sc.  (3rd  Series)  Vol.  XLV..  1893.  pp.  493-494. 

(2)  Trans.  Amer.  Inst.  Min.  Eng.   Albany  Meeting.  February,  1903. 
(3J  Eng.  and  Mln.  Jour..  December  2nd.  1S1>3.  Vol.  LVI  .  p.  565. 
(4)  Dana.  System  of  Mineralogy.  6th  Ed..  1892,  p.  65. 
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100-mesh  sieve,  was  divided  into  three  products  which  may  be  dis- 
tinguished from  one  another  as  strongly  magnetic,  feebly-magnetic 
and  non-magnetic.  The  feebly  magnetic  product  showed  the  pre- 
sence of  30.41  per  cent  of  nickel,  and  the  non-magnetic  30.36  per 
cent  of  nickel.  A  complete  analysis,  and  an  adjustment  of  the  vari- 
ous constituents,  showed  that  the  feebly  magnetic  portion  consisted 
of  chalcopyrite  and  pentlandite,  in  the  proportion  of  1  :  21,  while  the 
non-magnetic  product  showed  these  same  materials  present  in  the 
proportion  of  1  :  7. 


A  sulphide  which  presents  nil  the  ordinary  physical  characters  of 
pyrite,  such  as  hardness,  specific  gravity,  colour,  lustre,  and  mag- 
netism, is  by  no  means  uncommon  in  most  of  these  deposits,  and  can 
generally  be  found  when  a  special  search  is  made  for  this  mineral. 
Large  cubical  crystals  of  pyrite  are  mentioned  by  Dr.  Coleman,  0) 
as  occurring  in  fissures,  with  quartz  and  calcite,  at  the  Elsie  mine, 
but  the  assay  of  one  of  these  showed  no  nickel.  Dickson  mentions 
the  fact  that  a  number  of  his  samples  from  the  Copper  Cliff  mine 
were  associated  with  secondary  quartz,  calcite  and  millerite.  Pyrite 
was  also  noticed  occurring  with  pyrrhotite,  chalcopyrite  and  danaite, 
at  the  Century  Copper  mine  on  the  north  half  of  lot  4,  con.  IY,  of 
the  township  of  Graham.  A  determination  by  Mr.  F.  G.  Wait  of  the 
Geological  Survey  showed  0  -49  per  cent  of  nickel,  with  a  trace  of 
cobalt.  Dr.  Walker  (2)  found  what  he  regards  as  a  true  nickeliferous 
variety  at  the  Murray  mine,  and  has  published  a  full  description  and 
analysis  of  the  specimen.  The  following  is  the  analysis  under  1,  and 
if  the  mineral  be  considered  as  pyrite,  in  which  part  of  the  iron  is 
replaced  isoraorphous'ly  by  nickel,  the  explanation  is  given  under 


I'YHITE. 


II  and  ni. 


Nickel 
Iron 


I 


39  70  Sulphur  49  31  j 
49  41    Iron  39  -  70  | 


4-34  Nickel 


II 


III 

NiSt  9  12 
FeS,     83  49 


Sulphur 

Moisture 
Copper 
Insoluble 
Arsenic 


traces  Water .  . 
5-76  .Insoluble 


none 


•  10    Oxygen  (calculated) 


102 


10 
576 


Total. 


99  49 


it.    1903.  p.  281. 

.  3rd  Series.  April   W94.  pp.  312-314 
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A  peculiar  greyish-green,  bronze-coloured,  non-magnetic  mineral 
was  found  by  Mr.  McVittie  on  the  location  where  the  Gertrude  mine 
now  is.  The  mineral  occurred  massive,  with  small  crystals  of  mag- 
netite, and  specks  of  chalcopyrite  disseminated  through  it,  in  a  streak 
about  six  inches  wide,  adjoining  the  granite.  An  analysis  of  the 
mineral,  after  removing  the  magnetite,  gave  Mr.  Mickle  (l)  the  fol- 
lowing results  under  I,  while  under  II  is  given  the  proportions, 
omitting  the  insoluble  matter  and  recalculating  to  100. 


I 

II 

  37-28 

41-48 

Sulphur.  

  46-54 

57-79 

Nickel  

  5-95 

6-62 

  0-10 

Oil 

  9-66 

  99-53 

100-00 

Mr.  Mi  kle  regards  tK7s  a*  on  aggregate  m-n!e  up  of  pyrite,  millerite 
and  chalcopyrite,  the  composition,  as  given  above,  practically  agree- 
ing with  such  a  mixture.  A  very  similar  compound  is  found  at  tho 
old  Beatrice  mine  (Davis  property),  on  lot  1,  con.  Ill,  of  the  town- 
ship of  Blezard.  After  an  analysis  of  this  material.  Dr.  Emmons 
(2)  decided  that  the  mineral  was  a  new  nickel-iron-sulphide,  and 
proposed  for  it  the  name  '  Wharton ite.'  The  mineral  is  not  homo- 
geneous and  is  very  evidently  a  mixture.  It  has  a  peculiar  bronze- 
yellow  colour,  is  cellular,  the  cavities  being  lined  with  minute  crystals, 
with  an  intermediate,  finely  granular  material.  It  was  usually  re- 
ferred to  by  the  miners  as  *  matte,'  on  account  of  the  resemblance  to 
this  artificial  product.    The  chemical  analysis  by  Emmons  showed 


it  to  contain  (*)  : 

Nickel   5-40 

Iron     42-90 

Sulphur   45-00 

Insoluble   4-80 


Total   98-10 


(1)  Ann.  Rep.  Bur.  of  Mine*.  Ont..  19W3.  p.  2*2. 

(2)  Ann.  Rep.  Bur.  of  Mines,  Ont..  1892,  p.  170. 

(1)  Ann.  Rep.  Bur.  of  Mines.  Ont.,  1892,  p.  170:  also  Jour.  Am.  Ctaem.  Soc. 
Vol.  XIV..  No.  7. 
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MARCASITE. 

The  mineral  thus  designated  is  distinguished  from  pyrite .  chiefly 
by  its  silver  white  colour,  which  even  weathering  only  deepen* 
slightly  to  a  very  pale,  bronze-yellow.  Samples  of  such  material, 
submittel  to  Prof.  lVutieKl  by  Mr.  (.'.  W.  Dickson,  were  considered 
by  him  as  massive  marcasite.  lue  analyses  conform  to  the  formula 
FeS2  and  show  the  presence  of  from  2  to  4  per  cent  of  nickel,  pro- 
bably as  pentlandite.  Dr.  Walker  mentions  the  occurrence  of  mar- 
casite in  the  midst  of  the  usual  sulphides  at  the  Murray  mine,  but 
assays  of  this  material  failed  to  show  the  presence  of  any  nickel. 
Perhaps  the  most  noted  specimens  which  may  be  included  under  this 
name  arc  those  for  which  the  name  4  blueite '  was  proposed  by  Dr. 
S.  H.  Emmons  The  mineral  has  a  metallic,  somewhat  silky 

lustre,  while  the  colour  is  pale  olive-grey  inclining  to  bronze.  The 
type  specimens  came  from  the  Gersdorffite  mine  (lot  12,  con.  III. 
Denison),  which,  at  the  time,  was  worked  under  option  by  the  Em- 
mons Metal  Company.  The  mineral  also  occurs  on  the  lot  to  the 
south  (lot  12,  con.  IT),  as  well  as  at  the  Totten  mine  (lot  1,  con.  II, 
Drury).  nnd  at  the  Worthington  mine  (lot  2,  con.  II,  Drury).  Dr. 
Emmons'  analysis  showed  the  presence  of  3-5  per  cent  of  nickel  with 
39-8  per  cent  of  iron,  and  5  4  per  cent  of  insoluble  matter,  but  the 
sulphur  52-3  per  cent,  calculated  by  difference,  is  evidently  too  high. 
At  the  Gersdorffite  mine  the  nickeliferous  marcasite  occurs  in  asso- 
ciation with  niccolite,  gersdorffite,  pyrrhotite  and  chalcopyrite,  in  a 
small  quartz  vein  cutting  a  hornblende  schist. 

At  the  Worthington  and  the  Totten  mines  this  very  white  nickel 
ore  occurs  in  the  form  of  circular  or  oval  patches,  which  are  very 
conspicuous,  emb  edded  in  the  pyrrhotite,  chalcopyrite,  and  associated 
with  rocky  matter.  An  assay  of  a  specimen  from  the  Worthington 
mine,  by  T.  L.  Walker,  showed  the  presence  of  4  "5  per  cent  of  nickeL 
A  specimen  was  also  sent  to  Prof.  F.  W.  Clarke,  chief  chemist  of  the 
U.S.  Geological  Survey,  and  an  analysis  of  this  ore  was  made  by 
Dr.  F.  W.  Hillebrand,  his  results  being  reported  as  follows:  (2) 


Iron   38-36 

Nickel   4  57 

Manganese.  .    0-10 

Sulphur   45-11 

Sulphuric  acid   0-95 

Carbonic  acid   1  *49^ 


U)  Jour.  Am.  Chem.  Soc.  Vol.  XIV.,  No.  7;  also  Ann.  Rep.  Bur.  of  Minos. 
Ont..  1892.  p.  163. 
<2>  Ann.  R.  p.  Gool.  Surv.  Can.,  Vol.  V.,  18JK>-91.  Part  SS.  p.  116. 
t  I'aKulaiod  on  the  supposition  that  a'l  the  ca'cium  exists  as  carbonate. 
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Magnesia.   0-41 

Insoluble   4-80 

Water  at  100°  C   0  55 

Water  combined   ? 

Loss  and  oxygen   ? 

Total   08-25 


A  consideration  of  (he  uLove  analysis  shows  that  it  agrees  very 
closely  with  the  assumption  that  the  nickel  is  present  in  the  form  of 
pentlandite  disseminated  through  the  marcasite.  Prof.  Clarke,  in 
his  letter,  states :  *  It  seems  to  me  that  the  material  is  a  mixture,  not 
a  definite  species.  Your  Sudbury  minerals  deserve  an  exhaustive 
study,  and  the  work  would  be  well  repaid.' 

HILLERITE. 

■ 

The  simple  or  normal  sulpinde  of  nickel  is  occasionally  met  with  in 
some  of  the  mines,  and  may  be  the  source  of  some  of  the  nickel  of 
these  deposits.  Agreeably  with  its  formula  NiS,  this  mineral  should 
contain,  when  pure,  35*3  per  cent  of  sulphur  and  64*7  per  cent  of 
nickel.  Undoubted  slender  crystals  of  millerite  were  found  at  the 
Copper  Cliff  mine,  in  workings  150  feet  below  the  surface.  Another 
specimen  containing  this  mineral,  associated  with  pyrrhotite,  was 
obtained  at  the  Beatrice  mine,  on  lot  1,  con.  Ill,  of  Blezard  township. 
Dickson  mentions  having  found  *  small  bunches  of  hair-like  crystals 
of  this  mineral,  in  the  cavities  of  some  radiating  pyrite,  mixed  with 
calcite,'  He  regards  the  millerite  as  undoubtedly  secondary,  and  pro- 
bably derived  from  pre-existing  pentlandite. 

POLYDYMITE. 

This  mineral  occurs  in  association  with  chalcopyrite,  chalcocite, 
pyrrhotite  and  pyrite  at  the  Vermillion  mine,  lots  5  and  6,  con.  TV,  of 
the  township  of  Denison.  It  is  steel-gTey,  massive,  and  exceedingly 
alterable  in  the  air.  It  has  a  specific  gravity  of  4.5.  An  analysis  of 
carefully  selected  material  gave  Clarke  and  Catlett  the  results  under 
I,  (*).  A  good  sample  of  the  Vermilion  ore,  analyzed  by  Mr.  Browne, 
after  deducting  1-5  per  cent  of  silica,  gave  the  results  under  II, 
evidently  impure  polydymite.  (*) 


(1)  Amer.  Jour.  Sc..  Vol.  XXXVII..  1889.  pp.  372-374. 

(2)  Eng.  and  Mln.  Jour..  Dec.  2.  1893.  Vol.  LVI.,  p.  566. 
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K 

36-85 
18-70 
88-43 
4-47 


Nickel 
Iron. . 


41-96 
15-57 
40-80 

0-  62 

1-  02 


Sulphur 
Copper. 
Silica. . 


Totals 


99-97 


98-45 


These  figures  give  approximately  the  formula  Nis  FeSs.  Neither 
cobalt  nor  arsenic  could  be  detected.  If  we  deduct  silica,  together 
with  the  copper  reckoned  as  admixed  chalcopyrite,  and  recalculate 
the  remainder  of  the  analysis  under  I,  to  100,  we  get  the  following 
figures: 

Nickel   43  18 

Iron   15-47 

Sulphur   41-35 


In  short,  the  mineral  has  the  composition  of  Ni<Se  with  about  one- 
quarter  of  the  nickel  replaced  by  the  iron,  which  agrees  with  Las- 
peyres'  polydymite,  of  which  it  is  doubtless  a  ferriferous  variety. 
The  polydymite  from  which  the  above  was  selected  came  from  a  mass 
in  which  sn  average  of  35-39  per  cent  of  nickel  and  5-20  per  cent  of 
copper  had  previously  been  found. 

A  specimen  of  the  so-called  polydymite  was  presented  to  the 
writer  by  Mr.  F.  L.  Sperry,  at  one  time  chemist  of  the  Canadian 
Copper  Co.  The  mineral  at  the  time  was  known  to  be  impure,  but 
was  the  best  sample  which  could  be  secured  for  the  Museum.  The 
material  was  mainly  polydymite,  in  a  gangue  composed  of  diorite 
and  small  quantities  of  quartz.  Carefully  selected  material — which, 
however,  it  was  found  still  contained  a  little  intermixed  gangue  and 
chalcopyrite — was  found  by  Mr.  R.  A.  A.  Johnston  to  contain  40*80 
per  cent  of  nickel  with  no  cobalt. 


Sperrylite  was  first  found  at  the  Vermilion  mine  in  the  gossan  or 
looso  material,  and  was  named  after  Mr.  Francis  L.  Sperry  of  the 
C.  C.  Co.  by  Profs.  Horace  L.  Veils  and  S.  L.  Penfield,  of  the 
Sheffield  Scientific  School,  who  examined  and  described  this  new 
species  0).   The  material  as  received  consisted  of  a  heavy,  brilliant 

(1)  Amer.  Jour.  Sc.,  Vol.  XXXVII.,  1889,  pp.  67-63. 


Total 


100-00 


SI'KKRYLITE. 
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sand,  composed  largely  of  the  sperrylite,  but  intermixed  with  this  a 
considerable  number  of  fragments  of  chalcopyrite,  pyrrhotite  and 
some  silicates  could  be  seen.  After  the  material  was  purified  it  was 
found  to  contain  some  transparent  grains  which  proved  on  examina- 
tion to  be  oxide  of  tin  or  cassiterite  (SnOs). 

Sperrylite  is  isometric,  simple  cubes  are  common,  octahedrons  are 
exceptional,  while  the  majority  of  the  crystals  are  combinations  of 
the  cube  and  octahedron.  Hardness  is  between  six  and  seven,  as  it 
scratches  feldspar,  but  not  quartz.  T^he  specific  gravity  is  10*602. 
The  crystals  have  no  distinct  cleavage,  but  are  very  brittle,  and 
break  with  an  irregular,  probably  conchoidal  fracture.  The  chemical 
composition,  according  to  the  mean  of  two  analyses,  was  as  follows  :— 


Arsenic   40-98 

Antimony   0-50 

Platinum   52-57 

Rhodium   0*72 

Palladium   trace. 

Iron   0-07 

Cassiterite  or  oxide  of  tin   4*62 


Total   99-46 


The  composition  is,  therefore,  represented  by  the  formula  PtAsa, 
a  small  portion  of  the  platinum  and  arsenic  being  replaced  respec- 
tively by  rhodium  and  antimony.  The  colour  of  the  mineral  was 
nearly  tin-white,  or  about  the  same  as  metallic  platinum.  The  fine 
powder  is  black.  Nearly  all  the  grains  showed  extremely  brilliant, 
crystal  faces,  though  most  of  the  crystals  were  fragmentary  in  size, 
usually  fa)  to  Hooth  of  an  inch  in  diameter. 

The  presence  of  an  appreciable  amount  of  iridium  was  expected 
by  Professor  Wells,  but  careful  search  failed  to  reveal  even  traces  of 
this  element. 

Sperrylite  is  regarded  as  the  source  of  the  metals  of  the  platinum 
group,  which  are  invariably  present  in  appreciable  amounts  in  the 
bessemer  matte,  assays  of  the  Copper  Cliff  and  Victoria  mines  mattes 
showing  from  0*4  to  0-5  oz.  per  ton.  Wherever  occurrences  of  this 
mineral  have  been  examined  it  is  directly  and  intimately  associated 
with  the  chalcopyrite,  so  that  matters  rich  in  copper  contain  a  large 
amount  of  platinum,  while  those  containing  very  little  copper  show 
a  correspondingly  small  amount  of  platinum.    In  Dr.  Walker's  (*) 


(1)  Amer.  Jour.  8c.,  Vol.  I..  1896  p.  112. 
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analysis  of  the  bessemer  matte  from  the  Murray  mine  the  presence 
of  iridium  and  osmium  is  noted  in  almost  equal  amounts,  but  in 
Prof.  Wells'  analysis,  as  noted  above,  these  metals  were  not  detected. 
Baron  von  Foullon  concludes  from  the  absence  of  these  elements 
that  there  is  another  mineral  present,  which  contains  the  iridium, 
but  although  this  is  possible  Dr.  Walker  considers  that  a  more  likely 
explanation  is  that,  in  some  cases,  part  of  the  platinum  in  sperrylite 
is  replaced  by  the  elements  iridium  and  osmium. 

NICOOLITE. 

This  mineral,  in  intimate  association  with  gersdorffite  and  with 
variable  quantities  of  intermixed  pyrrhotite,  chalcopyrite  and  pyrite, 
has  been  found  in  connexion  with  the  occurrence  of  two  small 
'stocks'  or  intrusions  of  quartz-mica-diorite  (altered  norite),  in  the 
township  of  Denison.  This  diorite  forms  two  small  hills,  which  rise 
above  the  surrounding  country,  which  is  underlaid  by  the  slaty 
variety  of  the  tuffs  or  greywackes,  these  rocks  surrounding  the 
diorite  on  all  sides.  One  of  these  masses,  known  as  the  McConnell  or 
Gersdorffite  mine,  is  situated  in  the  southeastern  corner  of  lot  12, 
con.  Ill,  of  Denison,  while  the  other,  constituting  what  is  known  as 
the  Hirara  Robinson  property,  is  on  the  northeastern  corner  of  the 
west  half  of  lot  12,  con.  II,  of  the  same  township.  The  country 
rock  in  the  immediate  vicinity  is  usually  a  more  or  less  schistose 
diorite  or  hornblende  schist,  produced  by  the  shearing  of  the  more 
massive  diorite,  of  which  most  of  the  hill  is  composed.  The  rock  is 
made  up,  chiefly,  of  irregular  crystals  of  hornblende  closely  aggre- 
gated together,  tlie  few  and  small  remaining  interspaces  being 
occupied  by  quartz  and  plagioclase.  At  the  Gersdorffite  mine,  from 
which  the  first  and  finest  specimens  of  this  mineral  and  the  associ- 
ated gersdorffite  were  obtained,  they  occur  in  a  small  vein,  interfoli- 
ated  with  a  chloritie  actinolite  schist,  at  the  north  side  of  the  small 
area  of  diorite  shown  on  the  map.  The  vein  consists  mainly  of 
quartz  with  a  very  small  amount  of  feldspar  and  calcite,  with  grains 
and  small  disseminated  masses  of  the  sulphides  already  mentioned, 
the  most  abundant  and  conspicuous  being  the  nicoolite  and  especially 
the  gersdorffite.  No  analysis  of  the  niccolite  was  made.  This,  when 
pure,  is  represented  by  the  formula  NiAs=arsenic  56-1,  nickel 
43 -9=100 -0.  It  usually  contains  a  little  iron  and  cobalt,  also 
sulphur,  while  sometimes  part  of  the  arsenic  is  replaced  by  antimony. 
The  mineral  occurs  massive,  and  the  peculiar  pale,  copper  red  is 
quite  distinctive.  A  sample  containing  niccolite  and  gersdorffite  was 
submitted  by  the  writer  to  Mr.  T.  L.  Walker  who  found  them  too 
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intimately  associated  to  separate  for  Analysis.  He,  therefore,,  made  an 
analysis  of  the  two  minerals  together,  which  resulted  as  follows:  (*) 


Nickel   20*87 

Cobalt   0-64 

Copper   trace. 

Iron   2-43 

Sulphur   10-60 

Arsenic   26  04 

Silica   26-70 

Alumina   5-43 

LimT.  1  7-29 

Soda  I 


Total  100-00 


CERSDORFFITE. 

This  mineral  was  first  recognized  in  a  small  sample  brought  to  the 
Geological  Museum,  in  1891,  by  Mr.  Eagleson,  who  had  obtained  the 
specimen  from  Mr.  Dan.  O'Connor,  of  Sudbury,  the  owner  of  the 
Gersdorffite  mine,  where  it  had  been  found.  The  particulars  of  the 
association  of  the  mineral  have  already  been  described  under  nicco- 
lite.  When  pure  the  mineral  is  essentially  a  sulph-arsenide  of 
nickel,  with  the  formula  NiAsS  or  NiS2,  NiAsjj  =  sulphur  19-8, 
arsenic  45*3,  nickel  35-4  =  100*0.  Iron  replaces  the  nickel,  often 
in  considerable  amount,  also  sometimes  cobalt.  The  following  is  the 
description  of  the  specimen  collected  by  the  writer  in  1891,  prepared 
by  Dr.  Hoffmann  and  Mr.  R.  A.  A.  Johnston.  (2) 

Structure,  for  the  most  part  lamellar,  but  occasionally  granular,  a 
few  minute,  fairly  well  developed  crystals  exhibiting  the  forms  of  the 
octahedron  and  cubo-octahedron,  with  the  faces  of  the  octahedron 
predominating,  were  also  observed.  Colour,  steel-grey,  here  and 
there  tarnished  blackish.  Specific  gravity  (after  correction  for  a 
little  included  quartz)  at  15*5°  C,  6*231. 

The  material  upon  which  the  analysis  was  conducted,  although 
selected  with  all  possible  care,  and,  so  far  as  could  be  seen,  apparently 
pure,  nevertheless  contained,  it  was  subsequently  found,  a  very  appre- 
ciable amount  of  quartz.  Its  analysis  afforded  Mr.  R.  A,  A.  Johnston 
the  results  given  under  I.   Deducting  the  gangue  (silica),  and  recal- 


(1)  Ana.  Rep.  Geol.  Surv.  of  Oau.,  Vol.  V..  1890-91.  Part  88.  p.  118. 
(J)   Ann.   Rep.   Oeol.   8unr.   of  Can.,  Vol.  V..  1890-91,  Part  R,  p.  22. 
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culating  the  remaining  constituents  to  one  hundred  parts,  we  obtain 
the  figures  given  under  II. 


I 

n 

An  .91 

AC  .OA 

....  14-34 

16  71 

Nickel  

26-32 

7-90 

2  01 

  009 

010 

100-00 

This  mineral  had  not  previously  been  identified  as  occurring  in 
Canada. 

- 

MORKN'OSITE. 

This  mineral,  which  is  also  known  as  '  Nickel  vitriol '  is  a  hydrous, 
nickel  sulphate  (Ni  SO* +  7  HjO)  =  sulphur  trioxide  28*5,  nickel 
protoxide  26-6,  water  44  9  — 100-0.  <It  occurs  as  a  greenish-white 
and  pale  apple  green  incrustation  on  associated  gersdorffite,  niccolite, 
chalcopyrite  and  pyrrhotite  at  the  McConnell  or  Gersdorffite  mine 
(lot  12,  con.  Ill,  of  Denison);  also,  but  more  sparsely,  as  a  greenish- 
white  incrustation  on  some  of  the  nickeliferous  ore  of  the  Worthing- 
ton  mine  (lot  2,  con.  II,  Drury).'  (l)  It  has  also  been  noticed  at  the 
Wallace  mine  on  Lake  Huron. 

AM»\BERCHTE. 

Some  specimens  of  gersdorffite,  which  had  been  in  the  drawers  of  a 
mineral  cabinet  for  about  a  couple  of  years,  were  found  to  have 
undergone  a  partial  decomposition,  with  the  formation  of  hydrous 
nickel  arsenate.  The  material  which  came  from  the  Gersdorffite 
mine,  (lot  12,  con.  Ill,  Denison),  consisted  of  gersdorffite,  with  a 
few  scattered  particles  of  chalcopyrite.  The  nickel  arsenate,  which 
occurred  both  lining  nnd  filling  cavities  in  the  gersdorffite  was,  in  the 
former  case,  in  the  form  of  botryoidal,  globular,  or  maramillary  crusts 
of  a  greenish-yellow  colour,  pale  grass-green,  and  honey-yellow  to 
brownish  colours,  and  exteriorly  of  a  sub-vitreous  lustre,  whilst  that 
filling  the  cavities  was  compact  and  amorphous,  texture  colloid,  of  a 
greenish-yellow  colour  and  waxy  lustre,  also  occasionally,  but  more 
rarely,  earthy,  chalk-like  and  dull.  (2) 

(1)  Ann.  Rep.  Oeol.  Sur.  Can..  Vol.  VI.,  1892-93,  Part  R.  p.  27. 

(2)  Ann.  Rep.  Geol.  Sur.  Can.,  Vol.  VI.,  1892-93.  Part  R,  p.  27. 
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DANAITK  ( COBALTIFERO U  S  ARSENOPYRITE). 

This  mineral  is  a  sulph-areenide  of  iron  (FeAs  S),  with  part  of 
the  iron  replaced  by  cobalt.  Agreeably  with  the  formula  given  above 
it  should  contain,  theoretically,  arsenic  46*0,  sulphur  19*7,  iron 
34  *3  =  100  *0.  It  is  not  abundant  in  the  Sudbury  district,  and  has 
only  been  recognized  as  occurring  in  two  localities,  and  in  both  of 
these  places  it  is  found  in  association  with  the  older  diorites  and 
hornblende  schists.  The  first  place  in  which  it  was  found  was  on  the 
north  half  of  lot  6,  con.  Ill,  of  the  township  of  Graham,  this  lot 
forming  a  portion  of  what  is  known  as  the  Russell  location  or 
property. 

The  mineral  is  massive,  with  a  steel-grey  colour.  Intermixed  with 
it  were  small  quantities  of  white,  translucent  quartz,  some  pyrrhotite, 
a  little  galena  and  a  trifling  amount  of  chalcopyrite.  The  specific 
gravity  at  15-5°  C.  =  5  988. 

An  analysis  by  R.  A.  A.  Johnston '(2),  of  carefully  selected  mate- 
rial, is  given  under  I.  Deducting  the  gangue  of  silica,  and  recalcu- 
lating to  100  we  obtain  the  results  under  II. 

I.  n. 

Arsenic   40- 16  42-22 

Sulphur   17-92  18-84 

Iron   31-69  33-32 

Cobalt   3-89        4  09 

Nickel   0-88  0-93 

Antimony   0-57  0-60 

Gold   trace. 

Gangue  (quartz)   4-77 


Totals   99-88  100-00 

This  mineral  also  occurs  in  considerable  quantity  on  the  north  i  lot 
4,  con.  IV,  of  the  township  of  Graham,  at  a  deposit  whicji  was  being 
worked  for  copper,  and  known  as  the  Century  Copper  mine.  It  is 
present  in  intimate  association  with  pyrrhotite,  chalcopyrite  and 
pyrite,  abundantly  disseminated  through  a  hornblende  and  biotite 
schist  ,and  also  through  a  pale  greyish  quartzite,  which  is  embedded 
in  the  hornblende  schist. 

SMALTITE. 

This  mineral,  so  far  as  known,  is  rare  in  the  Sudbury  district, 
although  it  occurs  in  large  masses  in  the  Timagami  region,  to  the 


it)  Add.  R«p.  Geol.  8ur.  Can .  Vol.  V.,  W90-  M,  Pmrt  R,  p.  19.  , 
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northeast.  It  is  a  cobalt  diarsenide,  Co  Asa  =  arsenic  71*8,  cobalt 
28-2  =  100-0.  This  mineral  was  observed  by  Mr.  £.  B.  Kenrick,  of 
the  Geological  Survey  of  Canada,  in  the  form  of  minute  crystals, 
with  well  marked  octahedral  cleavage,  in  association  with  chalcopy- 
rite, from  the  township  of  McKim.  (l) 

GALENA. 

This  mineral  has  been  found  at  all  the  mines,  wherever  search  was 
made  for  it.  It  is  the  common  sulphide  of  lead  PbS  =  sulphur  18-4, 
lead  80 -6^=100  *0;  usually  contains  a  little  silver.  It  generally 
occurs  in  thin  seams  penetrating  the  other  sulphides.  It  may  be  the 
source  of  much  of  the  silver  found  in  all  the  mattes  produced  from 
the  Sudbury  ores.  It  shows  the  usually  bright  lead-grey  colour,  with 
distinct  cubical  cleavage.  No  analysis  was  made  of  this  mineral  in 
immediate  association  with  the  ore  bodies. 

CHALCOCITE. 

This  mineral,  also  known  as  copper  glance,  has  only  been  described 
as  occurring  at  Vermilion  mine,  in  Denison  township.  Its  occurr- 
ence at  this  place  is  noticed  by  Mr.  Johnston,  in  a  specimen  which 
was  given  to  the  writer  by  Mr.  F.  L.  Sperry.  This  specimen  consisted 
of  chalcocite  and  chalcopyrite,  through  which  was  disseminated  some 
polydymite.  Some  of  the  fragments  were  coated  with  green  car- 
bonate of  copper.  Mr.  Johnston  found  that  the  specimen  contained 
9-40  per  cent  of  nickel  with  no  cobalt.  No  chemical  analysis  of  the 
chalcocite  was  made. 

BORN  IT E. 

This  mineral  is  mentioned  as  occasionally  seen  by  Mr.  C.  W. 
Dickson.  Some  of  the  chalcopyrite  obtained  at  the  Vermilion  mine, 
which  was  greatly  weathered,  has  a  general  resemblance  to  this  min- 
eral.  No  undoubted  bornite  was,  however,  noticed  by  the  writer. 

MAGNETITE. 

This  mineral  is  an  invariable  constituent  of  the  norite,  and  is 
always  more  or  less  titaniferous.  It  is  generally  disseminated  in 
minute  grains  through  the  ore  bodies,  but,  as  a  rule,  in  very  subor- 
dinate amounts.  Occasionally,  small  masses  of  titaniferous  magne- 
tite are  associated  with  the  pyrrhotite,  and  an  analysis  of  such  a 

Q)  Am.  Rep.  Geol.  Mr.  Can.,  1886.  Part.  I.  p.  It. 
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mass,  from  the  Murray  mine,  gave  Dr.  Walker,  (*)  18-34  per  cent  of 
titanic  acid.  The  largest  mass  yet  noticed  was  recovered  from  the 
workings  of  the  Clarabelle  mine,  where,  according  to  Capt.  McAr- 
thur,  about  five  tons  were  found  enclosed  in  the  sulphides.  This 
magnetite  is  readily  attracted  by  the  magnet,  and  contains  grains  of 
pyrrhotite  and  chalcopyrite,  as  well  as  small  portions  of  a  green 
silicate.  (*) 

CASSITERITE. 

The  purified  material  from  which  the  analysis  of  sperrylite  was 
made  by  Professor  Wells,  of  Yale  University,  contained,  as  stated, 
24*6  per  cent  of  oxide  of  tin,  in  the  form  of  minute  transparent 
grains.  These  were  carefully  examined  and  pronouncad  to  belong  to 
the  species  cassiterite. 

NATIVE  COPPER. 

Dendritic  or  leaf-like  forms  are  ocasionally  met  with,  as  at  the 
Vermilion  mine  where  a  few  specimens  of  chloritic  schist  were 
obtained,  showing  native  copper  developed  along  the  planes  of  cleav- 
age. L.  P.  Silver  has  a  specimen  of  the  diorite,  obtained  from  the 
twelfth  level  of  the  Copper  Cliff  mine,  showing  a  good  deposit  of  leaf 
copper,  which  he  considers  must  have  been  formed  by  the  reduction 
of  the  chalcopyrite,  by  reducing  solutions  leaching  through  the 
rock.  (») 

NATIVE  GOLD. 

Samples  of  the  ore  obtained  from  the  Vermilion  mine  contain 
appreciable  quantities  of  native  gold,  and  specimens  may  be  obtained 
from  this  mine  showing  abundantly  disseminated  grains  and  strings 
of  gold,  often  of  large  size.  All  of  the  mattes  produced  from  the 
Sudbury  ores  contain  gold,  the  percentages  of  this  metal  varying  in 
the  bessemer  matte  from  strong  traces  to  0-3  oz.  per  ton.  The  aver- 
age amount  would  be  about  0-15  oz.  of  gold  per  ton,  although 
Silver  (4)  reports  having  found  0*75  oz.  of  gold  in  a  matte  which 
contained  39-64  per  cent  of  nickel  and  cobalt,  and  42-75  per  cent  of 
copper. 


(1)  Quart.  Jour.  Geol.  Soc.  Lon.  Vol.  LIII.,  Feby.,  1897.  p.  52. 

(2)  Ann.  Rep.  Bur.  of  Mines,  Ont..  1903,  p.  2*1. 

(3)  Jour.  Can.  Mia.  Inst.,  Vol.  V.,  1902,  p.  636. 

(4)  Jour.  Can.  Mln.  Inst.,  Vol.  V..  1902.  634. 
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GRAPHITE. 

Dr.  Coleman (2)  reports  having  found  a  few  scales  of  graphite  in 
the  country  rock  occurring  on  the  dump  at  the  Lady  Macdonald 
mine. 

CUBAN  ITE. 

David  H.  Browne, (3)  for  some  time  chemist  to  the  Canadian 
Copper  Company,  at  Copper  Cliff,  found  this  mineral,  which  is  repre- 
sented by  the  formula  Cu  Fe*S4  =  sulphur  35-4,  copper  23-3,  iron 
41  -3=100  -0,  in  the  roast  heaps,  being  one  of  the  products  formed 
during  the  roasting. 

In  addition  to  the  above  mineral  varieties  mention  may  be  made 
of  the  fact  that  quartz,  calcite,  dolomite  and  ankerite  are  found  in 
association  with  the  massive  sulphides,  but  these  minerals  are  rela- 
tively very  unimportant,  and  even  at  such  deposits  as  the  Victoria 
mines  considerable  quartz  has  to  be  added  to  the  furnace  charges  on 
account  of  the  basicity  of  the  associated  rocks.  Nearly  all  of  the 
gangue  occurs  as  intermixed  norite  or  diorite. 

Composition  of  the  ore-bodies. 

The  ore  bodies  with  which  the  nickel  and  copper  are  immediately 
associated  consist  essentially  of  a  mixture  of  sulphides,  in  which 
pyrrhotite  (FesSo),  is,  by  far,  the  predominant  constituent;  chalco- 
pyrite  is  almost  invariably  present,  and  usually  in  considerable 
amount,  although  proportionately  much  less  than  the  pyrrhotite.  It 
has  been  conclusively  proved  by  means  of  the  magnetic  separations 
carried  on  by  Browne,  Dickson,  and  the  writer  that  the  nickel  pre- 
sent in  these  ores  is  all  contained  in  the  pentlandite,  although  the 
first  mentioned  authority  is  still  inclined  to  the  belief  that  the  small 
amount  retained  by  the  magnetic  portion  or  pyrrhotite  proper  occurs 
in  part,  at  least,  as  an  essential  constituent  of  the  pyrrhotite.  This 
pentlandite  is  usually  very  finely  and  uniformly  distributed  through- 
out the  whole  mass,  although  in  certain  mines,  as  the  Creighton, 
Copper  Cliff,  Evans,  and  very  noticeably  the  Worthington  mine,  it 
occurs  in  spots  and  patches,  often  as  much  as  half  an  inch  to  an  inch, 
or  even  more,  in  diameter,  of  fairly  pure  material.  The  relative 
abundance  of  this  nickel-iron-sulphide  determines  the  richness,  or 
otherwise,  of  the  containing  deposit.  Pyrite  also  contributes  to  the 
formation  of  these  deposits,  and  much  of  it  is  nickeliferous.  Present 

(2)  Ann.  Rep.  Bur.  of  Minec,  Ont.,  1908,  p.  284. 

(3)  Ann.  Rep.  Bur.  of  Mince.  Ont..  1908,  p.  284. 
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opinion  varies  somewhat  in  regard  to  the  form  in  which  the  nickel  is 
present  in  this  compound,  Dr.  Walker's  researches  tending  to  prove 
that  this  element  replaces  isomorphously  an  equivalent  amount  of 
iron  in  chemical  combination,  while  others  regard  intermixed  pent- 
landite  as  the  source  of  the  nickel.  Certain  other  sulphides  of  nickel 
already  mentioned  and  described  also  contribute  to  the  unusual  rich- 
ness of  these  deposits,  but  these  are  relatively  much  less  important, 
and  many  of  the  occurrences,  where  such  minerals  are  present,  are, 
so  far  as  known,  of  no  commercial  importance.  A  varying  amount 
of  gangue,  usually  of  the  associated  eruptive,  but  occasionally  also 
of  the  older  green  schists,  greywackes  and  even  quartzite,  is  always 
present.  The  percentage  of  such  intermixed  rocky  matter  is  some- 
times unusually  large,  as  in  certain  portions  of  the  Elsie  and  Murray 
mines  where  material  has  been  used  in  large  amount,  which  consists 
of  sulphides  and  rock  in  about  equal  proportion,  while,  in  other  in- 
stances, as  at  the  Creighton  and  Victoria  mines,  the  sulphides  arc  so 
pure  and  massive  that  large  quantities  of  associated  norite  have  to  be 
added  to  the  furnace  charge  to  act  as  a  flux.  Magnetite,  and  certain 
of  the  silicates  peculiar  to  the  norite,  usually  more  or  loss  decom- 
posed, such  as  hornblende,  actinolite,  serpentine  or  chlorite  are  almost 
always  present  A  comparatively  small  amount  of  quartz,  calcite, 
dolomite,  and  very  occasionally  crystals  of  tourmaline,  molybdenite 
and  apatite,  are  also  found. 

The  pyrrhotite  and  chalcopyrite  are  not,  as  a  rule,  so  intimately 
commingled  as  to  form  a  homogeneous  mass,  but  each  may  be  describ- 
ed as  occurring  in  pockets,  spots,  bunches  or  threads,  in  the  other. 
The  chalcopyrite  is  not  so  closely  intermixed  with  the  pyrrhotite,  but 
tends  to  isolate  itself  rather  in  patches  or  spots,  usually  enclosing,  but 
occasionally  enclosed  by,  the  pyrrhotite.  It  is  sometimes  possible  to 
separate  considerable  masses  of  chalcopyrite,  assaying  over  30  per 
cent  of  copper,  or  pyrrhotite,  that  will  only  show  traces  of  that  metal. 
In  practice,  however,  careful  examination  and  trial  have  proved  that 
the  two  minerals  are  too  intimately  associated  to  make  sorting  by 
hand  at  all  practicable.  Although  the  chalcopyrite  seldom  occurs  free 
from  the  pyrrhotite,  large  and  massive  deposits  of  the  latter  occur 
comparatively  free  from  copper.  The  first  ore  shipped  from  the  Ger- 
trude mine  was  so  free  from  copper  that  it  was  proposed  to  utilize  it 
for  the  production  of  ferro-nickel,  and  this  deposit  was  purchased  by 
the  Lake  Superior  Power  Company,  with  this  object  in  view.  Ana- 
lyses made  of  a  large  mass  of  the  Creighton  mine  ore  obtained  near 
the  surface,  show  the  nickel  to  vary  from  4-87  per  cent  to  5-31  per 
cent,  with  0-72  per  cent  to  1-20  of  copper.  The  prevailing  intimacy 
of  association,  however,  of  the  pyrrhotite  and  chalcopyrite  will  per- 
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haps  be  better  appreciated  by  mention  of  the  fact  that  hand-picked 
specimens  from  the  Evans,  Stobie  and  Copper  Cliff  mines,  collected 
and  analyzed  by  Mr.  Browne,^1)  showed  the  presence  of  from  13-80 
to  15-71  per  cent  of  copper  with  a  sufficient  quantity  of  intermixed 
pyrrhotite  and  pentlandite  in  the  same  to  assay  from  1-28  to  2-47  per 
cent  of  nickel.  On  the  other  hand,  selected  nickel  ore  from  Copper 
Cliff  mine,  with  8-12  per  cent  of  nickel,  contained  only  0-80  per  cent 
of  copper,  while  similarly  picked  ore  from  the  Evans  mine  contain- 
ing 5-86  per  cent  of  nickel  showed  the  presence  of  only  0-49  per  cent 
of  copper.  In  certain  of  the  deposits,  as  for  instance  at  the  main 
shaft  of  the  Victoria  mines,  the  nickel  and  copper  are  almost  identical 
in  quantity,  assays  of  a  large  number  of  samples,  neglecting  the  in- 
soluble matter,  showing  the  presence  of  3-66  per  cent  of  each  metal. 
At  the  Dominion,  Hurray  and  Elsie  mines,  the  nickel  is  imially 
nearly  double  that  of  the  copper.  Thus,  Mr.  George  Attwood,  M.E.,  (f ) 
at  one  time  manager  of  the  Dominion  Mineral  Company,  under  date 
of  March  18th,  1801,  stated  that  the  '  kies '  or  metallic  portion  of  the 
Blezard  mine  averaged  4  per  cent  of  nickel  and  2  per  cent  of  copper, 
this  result  being  the  average  of  a  large  number  of  assays,  as  also  of 
the  practical  working  of  the  mine.  About  the  same  date  Mr.  F.  R. 
Daw,  then  manager  of  the  Murray  mine,  stated  that  an  average  of 
the  ore  smelted  at  this  mine  contained  1*5  per  cent  of  nickel  and  0*75 
per  cent  of  copper.  Other  assays  of  an  average  Bample  of  ore  from 
this  mine  show  0-9  per  cent  of  copper,  with  1*5  por  cent  of  mckel 
and  46  per  cent  of  insoluble,  or  the  equivalent  of  1*66  per  cent  of 
copper  and  2  -76  per  cent  of  nickel,  in  the  pure  sulphide  material 

The  Gertrude  and  the  Creighton  mines,  and  especially  the  latter, 
are  deposits  in  which  the  nickel  is  often  present  in  the  ore  in  the  por- 
portion  of  3  or  4  to  1.  In  the  first  years  of  the  development  of  the 
mines  of  the  Canadian  Copper  Company  the  copper  was  greatly  in 
excess  of  the  nickel,  and  assays  of  specimens  of  raw  ore,  taken  with- 
out selection  from  these  mines,  showed  a  range  in  copper  from  4:03  to 
9-98  per  cent,  with  an  average  of  6*44  per  cent,  while  the  nickel,  in 
the  same  specimens,  varied  from  1-12  per  cent  to  4*21  per  cent,  with 
an  average  of  2-38  per  cent.  This  preponderance  of  the  copper  was 
maintained  for  some  time,  for  an  average  of  two  samples  of  the  blast 
furnace  matte,  taken  22nd  February,  1889,  and  the  2nd  March,  of  the 
Bame  year,  showed  copper  26-91  per  cent  and  nickel  14  14  per  cent. 
About  the  same  time  the  Dominion  Mineral  Company  produced 
mattes  containing  from  18  to  20  per  cent  copper  and  24  to  26  per 
cent  nickel.   At  the  present  time,  however,  this  condition  of  affairs  is 

(1)  Eng.  and  Mln.  Jour..  Dec.  2nd,  1893,  Vol.  LVI..  p.  566. 

(2)  Ann.  Rep.  (tool.  Surv.  Can.,  Vol.  V..  1890-91.  Part  P,  p.  52. 
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reversed,  and  two  specimens  of  this  matte,  analyzed  by  Mr.  Donald 
Locke,  of  tnis  Department,  showed  14-53  per  cent  and  14-69  per  cent 
of  copper,  with  nickel  26-34  per  cent  and  28-17  per  cent,  respectively. 

The  nickel  present  in  the  pyrrhotite  of  the  Sudbury  district  varies 
usually  from  2-25  per  cent  to  5-50  per  cent,  the  lower  figure  being 
characteristic  of  such  deposits  as  the  Stobie,  Murray  and  Elsie  mines, 
while  the  latter  is  approached,  and,  at  times,  exceeded  by  the  ore  of 
the  Creighton,  Victoria,  Blezard,  Copper  Cliff  and  Evans  mines. 
Small  specimens  are  occasionally  met  with  which  contain  as  high  as 
30  per  cent  of  nickel,  as  at  the  Worthington  mine,  but  such  material 
ia  only  obtainable  by  careful  hand-picking,  at  either  the  Worthington 
or  Creighton  mines.    These  ores  contain  appreciable  quantities  of 
cobalt,  gold,  silver,  and  metals  of  the  platinum  group.    Cobalt  is 
almost  invariably  present,  but  in  most  of  the  assays  of  the  ores  which 
have  been  made,  it  is  included  with  the  nickel.  The  cobalt  is  usually 
very  uniform  in  amount,  in  the  proportion  of  1  to  40  or  50  of  the 
nickel  present.    The  amounts  of  the  rarer  elements,  such  as  gold, 
silver  and  platinum,  are  usually  so  small  that  the  proportions  of 
these  can  be  best  determined  by  analyses  of  the  bessemer  or  higher 
grade  mattes.   Analyses  of  this  product,  which  are  available,  contain- 
ing about  80  per  cent  of  combined  nickel  and  copper,  contain  from 
0  10  to  0-20  oz.  of  gold,  with  an  average  of  probably  about  0-15  oz. 
to  the  ton  of  2,000  pounds,  although  L.  P.  Silver  (l)  obtained  as  high 
as  0-75  oz.  of  gold  in  the  high  grade  matte  of  the  Orford  Copper 
Company,  containing  39-64  per  cent  of  nickel  and  cobalt,  and  42  -75 
per  cent  of  copper.   Locke,  of  the  Geological  Survey,  shows  that  in 
this  same  matte,  containing  40-37  per  cent  of  nickel  and  24-95  per 
cent  of  copper,  only  0-10  oz.  of  gold  per  ton  is  present.  In  the  matte 
produced  by  the  Mond  Nickel  Company,  containing  41-88  per  cent  of 
nickel  and  37-37  per  cent  of  copper,  this  same  chemist  found  Mi  of 
an  oz.  of  gold. 

The  silver  in  the  ore  is  still  more  variable,  as  Locke  found  2-5  oz.  • 
to  the  ton  in  the  Orford  Copper  Company's  matte,  and  4-87  oz.  to  the 
ton  in  the  matte  produced  by  the  Mond  Nickel  Company.  J.  W. 
Bain's  (2)  analysis  shows  5-1  oz.  to  be  present  in  the  Orford  Copper 
Company's  matte.  L.  P.  Silver  shows  that  5-30  oz.  are  present  in 
each  ton,  while  Ulk6  states  that  7  oz.  of  silver  are  present  in  this 
same  matte.  The  platinum,  as  already  mentioned,  is  directly  asso- 
ciated with  the  chalcopyrite,  and,  therefore,  should  be  found  in  mattes 
which  are  relatively  richer  in  copper.  Locke  found  that  the  Orford 
matte  contained  0*44  oz.  per  ton  of  metals  of  the  platinum  group, 

(1)  Jour.  dan.  Mln.  Inst.,  Vol.  V.,  1902.  p.  634. 

(2)  Ann.  R*p.  Bur.  of  Mta««.  Ont..  1900,  p.  218. 
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while  the  Mond  Nickel  Company's  matte  contains  0-4  or.  per  ton  of 
these  same  metals.  Ulke  mentions  that  the  platinum  and  palladium, 
in  about  equal  amounts,  together  made  up  about  0  50  oz.  per  ton, 
while  L.  P.  Silver  has  secured  the  same  result. 


Nickel  and  Copper  in  Sudbury  Ore*. 
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EXPLANATIONS. 

1.  Average  of  nine  analyses,  made  by  F.  L.  Sperry,  of  raw  ore  takon 
without  selection  from  the  Copper  Cliff,  Evans  and  Stobie  mines,  of 
the  Canadian  Copper  Co.,  in  November,  1888.    la.  Average  of  Cop- 
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per  Cliff  mine  ore,  for  year  1890.  (Ann.  Rep.  Geol.  Surv.  Can.,  Vol. 
V.,  1890-91,  Part  F,  p.  61.) 

Analyses  2,  3,  5,  6,  8,  9, 10,  11,  12,  13,  15,  are  by  David  H.  Browne, 
chemist  to  the  Canadian  Copper  Company.  (Eng.  and  Min.  Jour., 
Dec  2nd,  1893,  p.  566.) 

Analysis  8a.  Average  of  Evans  mine  ore  for  the  year  1890.  (Ann. 
Kep.  Geol.  Surv.  Can.,  Vol.  V.,  1890-91,  Part  F,  p.  51.) 

Analyses,  4,  7,  14,  16,  17,  18,  19,  20,  21,  22,  23  26,  are  from  the 
catalogue  of  the  mineral  exhibit  of  Ontario  at  the  Pan-American 
Exposition  of  1901,  pp.  33  and  35. 

Analysis,  12  a.  Average  of  Stobie  mine  for  the  year  1890.  (Ann. 
Rep.  Geol.  Surv.  Can.,  Vol.  V.,  1890-91,  Part  F.,  p.  51.) 

Analysis  30  is  the  result  of  a  number  of  analyses  of  average 
samples,  by  Mr.  C.  W.  Dickson,  (Trans.  Am.  Inst.  Min.  Eng.,  Albany 
meeting,  Feby.,  1903). 

Analyses  24  and  25  are  by  Mr.  Donald  Locke,  of  the  Geological 
Survey  Department,  Ottawa,  of  material  obtained  within  a  few  feet 
of  the  surface. 

Analysis  27  is  the  result  of  an  average  of  a  large  number  of  assays 
of  samples  of  raw  ore,  from  the  Victoria  mines,  as  supplied  to  the 
smelter  by  T.  M.  Paris,  the  chemist.  The  insoluble  amounted  to  an 
average  of  16-81  per  cent. 

Analysis  28  is  the  average  of  the  raw  ore  for  July,  1902,  by  tt\ 
M.  Paris,  chemist  to  the  Mond  Nickel  Company.  Insoluble,  17-2  per 
cent. 

Analysis  29  is  the  average  of  the  raw  ore  for  September,  1902, 
by  T.  M.  Paris,  chemist  to  the  Mond  Nickel  Company.  Insoluble, 
13-9  per  cent. 

Analysis  30  is  the  result  of  an  analysis  of  the  pyrrhotite  from  tho 
Worthington  mine,  which  contained  a  large  amount  of  pentlandite, 
by  T.  L.  Walker.  (Ann.  Rep.  Geol.  Surv.  Can.,  Vol.  V.,  1890-91, 
Part  SS,  p.  117.) 

Analysis  32,  according  to  Mr.  George  Attwood,  manager  for  the 
Dominion  Mineral  Company,  is  the  average  of  the  results  of  many 
hundreds  of  assays  of  the  '  kies '  or  metallic  portion  of  the  ore  of  the 
Blezard  mine,  also  the  practical  working  of  the  mine  on  a  large  scale. 
(Ann.  Rep.  Geol.  Surv.  Can.,  Vol.  V.,  1890-91,  Part  F,  p.  52.) 

Analysis  33  is  the  average  percentage  of  the  ore  smelted  at  the 
Murray  mine,  according  to  Mr.  F.  R.  W.  Daw,  the  manager  for 
Messrs.  H.  H.  Vivian  &  Co.  The  'kies'  or  metallic  portion  of  the 
Murray  mine  ore  contains  on  an  average  of  about  2-75  per  cent  of 
nickel  and  1  '65  per  cent  of  copper. 
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NICKEL  AND  COBALT  IN  ORBS  FROM  SUDBURY  DISTRICT. 
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Explanations. 

1.  Association  of  a  somewhat  coarse  granular  pyrrhotite  with  a 
small  quantity  of  chalcopyrite,  in  greenstone. 

2.  An  intimate  association  of  chalcopyrite  and  pyrrhotite,  in  a 
of 
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3.  A  somewhat  coarse  granular  pyrrhotite,  associated  with  9mall 
quantities  of  chalcopyrite,  from  what  was  then  known  as  the  McCor- 
mick  mine. 

4.  Pyrrhotite,  in  association  with  small  quantities  of  dark-coloured 
greenstone. 

5.  Pyrrhotite,  with  a  trifling  amount  of  chalcopyrite,  with  green- 
stone. 

6.  Pyrrhotite,  with  a  little  chalcopyrite,  with  greenstone. 

7.  Pyrrhotite,  with  a  small  proportion  of  greenstone. 

8.  Pyrrhotite,  with  a  little  chalcopyrite,  through  which  was  dis- 
seminated a  trifling  amount  of  a  quartzose  gangue. 

9.  A  somewhat  coarse  granular  pyrrhotite,  through  which  was  dis- 
seminated a  small  amount  of  quartz. 

10.  A  somewhat  coarse  granular  pyrrhotite,  through  which  was 
disseminated  a  quartzose  gangue. 

11.  A  very  coarse  granular  pyrrhotite,  free  from  gangue. 

12.  A  somewhat  coarse  granular  pyrrhotite,  with  a  very  small 
amount  of  chalcopyrite,  in  association  with  greenstone. 

13.  A  coarse  granular  pyrrhotite,  with  a  small  amount  of  chalco- 
pyrite.  The  gangue  was  readily  discernible. 

These  analyses,  1  to  13,  were  done  in  the  chemical  laboratory  of 
the  Geological  Survey  Department,  by  Messrs.  R.  A.  A.  Johnston  and 
F.  (}.  Wait,  assistants  to  Dr.  G.  C.  Hoffmann.  (Ann.  Rep.  Geol. 
Surv.  Can.,  Vol.  V.,  1890-91,  Part  R.,  pp.  41-44  (Nos.  7  to  19). 

The  Sudbury  Pyrrhotite. 

The  composition  of  pyrrhotite,  as  shown  by  a  large  number  of  ana- 
lyses, is  not  constant,  and  although  repeated  trials  have  been  made  by 
various  chemists  and  mineralogists  to  obtain  a  formula  which  would 
be  satisfactory,  and  representative  of  this  mineral,  their  attempts  so 
far  have  been  attended  with  only  a  fair  amount  of  success. 

It  has,  therefore,  been  the  custom  to  express  the  composition  of 
pyrrhotite  by  the  formula  Fe„  SD  + 1  the  available  analyses  collected 
by  Lindstrom  in  1875,  and  by  Habermehl  in  1879,  showing  a  varia- 
tion of  Fe:  S  =  l:  1.,  1902,  corresponding  to  Fes  S«,  to  1:  10610, 
which  agrees  with  the  formula  Feic  S17.  Habermehl,  from  a  mean 
of  fourteen  determinations,  ten  of  which  were  essentially  identical, 
showed  that  the  Bodenmais  pyrrhotite  contains  60 '57  per  cent  of  iron, 
thus  conforming  closely  to  the  formula  Fe7  Ss,  the  theoretical  com- 
position of  which  would  require  60-40  per  cent  of  iron.  This  material 
was  obtained  on  portions  separated  successively  from  the  fine  powder, 
*  suspended  in  water  by  a  fine  magnet.    Doelter,  by  artificial  means, 

4187—8 
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produced  a  compound  closely  resembling,  if  not  identical  with  the 
natural  pyrrhotite,  the  analysis  of  which  agreed  with  the  formula 
Fen  Si*.' 

This  variation  in  composition  has  suggested  the  possibility  that 
pyrrhotite  is  not  really  a  definite  species,  in  a  mineralogical  sense, 
but  rather  a  mixture,  in  varying  proportions,  of  perhaps  several 
closely  related  compounds.  Such  a  view  was  regarded  as  also  sup- 
ported by  the  wide  range  in  the  specific  gravity  of  the  mineral,  (3-98 
to  4-80)  as  well  as  observed  differences  in  the  possession  of  certain 
physical  properties,  especially  noticeable  in  regard  to  its  magnetism. 
Some  specimens  exhibit  this  property  in  such  a  feeble  manner  that 
only  the  finer  powder  is  attracted  by  the  magnet,  while  others  are  so 
intensely  magnetic  as  even  to  exhibit  the  phenomenon  of  polarity. 

Careful  consideration  of  all  the  facts  available  suggests  that  much, 
at  least,  of  the  discrepancies  in  composition  can  perhaps  be  better 
explained  on  other  grounds.  Thus,  although  it  is  known  that  a  con- 
siderable number  of  these  analyses  were  conducted  on  material  which 
had  been  selected  with  great  care,  and  using  every  known  precaution 
to  ensure  a  pure  and  homogeneous  product,  by  far  the  larger  number 
of  determinations  were  of  impure,  often  intermixed  material  Be- 
sides, the  methods  of  analysis  were  not  always  above  reproach,  so 
that  errors  constantly  occurred,  not  only  in  the  determination  of  the 
sulphur,  but  also  of  the  iron.  In  addition,  even  with  the  possession 
of  the  requisite  knowledge  of  analytical  methods,  as  well  as  skill  in 
their  manipulation,  it  is  usually  extremely  difficult,  if  not  impossible, 
in  all  cases  to  obtain  sufficiently  homogeneous  material  on  which  to 
base  a  formula  which  would  be  thoroughly  reliable  and  representa- 
tive. If  we  regard  pyrrhotite  as  a  sulphide,  intermediate,  in  chemical 
composition  between  the  normal  sulphide  FeS  and  the  disulphide 
F1-K2,  it  is  ]>ossible  to  obtain  every  gradation  of  material  showing  a 
range  in  the  iron  content  from  63*61  per  cent  to  46*60  per  cent,  while 
the  sulphur  to  correspond  would  show  a  gradual  increase  from  36-39 
per  cent  to  53-40  per  cent.  There  is,  however,  a  wide  gap  between 
Fe7  Ss  with  iron  60-40  per  cent  and  sulphur  39-60  per  cent,  and 
Fe  S2  with  iron  46*60  per  cent  and  sulphur  53-40  per  cent.  These 
analyses,  however,  which  have  evidently  been  conducted  with  the 
greatest  care,  show  a  variation  in  formula  from  Feu  Sn  with  iron 
61-60  per  cent  and  sulphur  38-40  per  cent,  to  Fer  Ss  with  iron  60-40 
per  cent  and  sulphur  39*60  per  cent.  These  determinations  are  as 
uniform  and  accurate  as  could  be  expected  from  material  so  mani- 
festly impure  as  pyrrhotite. 

A  satisfactory  and  reliable  analysis  of  Sudbury  pyrrhotite  is,  per- 
haps, more  than  usually  difficult  to  obtain,  owing  to  the  very  intimate 
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association  of  various  closely  related  sulphides.  In  the  first  place,  it 
was  the  generally  accepted  view  that  the  nickel  really  replaced  iso- 
morphously  an  equivalent  amount  of  iron,  and  was  thus  an  essential 
constituent  of  the  pyrrhotite,  whereas  it  is  now  a  well  ascertained 
fact  that  by  far  the  greater  proportion  of  the  nickel,  at  least,  occurs 
as  a  distinct  and  separable  nickel-iron  sulphide.  Many,  however,  still 
cling  to  the  belief,  that  a  small  portion  of  the  nickel  may  exist  in  a 
state  of  chemical  combination,  but  such  persons  can  find  little  sup- 
port for  this  view  in  the  fact,  that,  by  repeated  use  of  a  magnetic 
separator  and  with  material  sufficiently  comminuted,  it  is  possible 
t»  remove  almost  the  last  trace  of  nickel  from  a  compound  which 
originally  contained  from  2  to  5  per  cent  of  this  element,  while  the 
isolated  nickel-iron-sulphide  or  pentlandite  is  usually  pure  enough 
for  analytical  purposes.  The  process  is,  however,  tedious,  and  re- 
peated trials  are  necessary  beforo  the  pyrrhotite  or  pentlandite  is 
obtained  of  the  degree  of  purity  desired. 

In  addition,  other  sulphides,  mainly  chalcopyrite,  but  sometimes 
also  pyrite,  are  present,  the  former  almost  invariably  accompanying 
the  pyrrhotite,  and  all  of  these  are  so  intermixed  with  one  anothen 
that  very  fine  grinding  and  the  assistance  of  magnetism  is  neces- 
sary before  a  satisfactory  and  complete  separation  can  be  effected. 
Such  a  dissociation,  however,  may  be  conducted  at  the  same  time 
as  the  trials  for  the  elimination  of  the  pentlandite  are  proceeding, 
while  this  latter  mineral,  which  is  itself  feebly  magnetic,  can,  in  turn, 
be  separated  from  the  copper  and  iron  pyrites,  which  do  not  possess 
the  property  of  magnetism  in  any  sensible  degree.    The  chief  diffi- 
culty, however,  encountered  in  the  purification  of  the  pyrrhotite, 
arisea  from  the  fact  that  a  small  quantity  of  magnetite  (Fe3  O4), 
often  amounting  to  not  less  than  1  per  cent  of  the  whole,  is  almost 
invariably  present.    C.  W.  Dickson,  after  a  number  of  experiments, 
found,  that  by  treating  the  sample  with  dilute  \(10  per  cent)  solution 
of  nitric  acid,  the  pyrrhotite  could  be  largely  removed,  while  the 
magnetite  was  but  little  affected.    The  separated  sulphur  was  re- 
moved by  means  of  bromine  and  carbon-bisulphide ;  and,  after  several 
treatments,  the  residue  of  magnetite  was  obtained  pure,  and  the  iron 
was  estimated  by  titration.    The  nature  of  these  operations,  as  he 
remarks,  involves  the  possibility  of  some  loss,  especially  as  the 
amount  of  magnetite  is  comparatively  small,  but,  on  the  whole,  the 
method  answered  very  well.   The  greater  number  of  the  analyses  in- 
dicated that  the  pyrrhotite  could  be  represented  by  the  formula 
Fes  Ss,  while  two  or  three  others  worked  out  to  Fe7  Sb  and  Fes  S10. 
The  first-mentioned  formula  may  be  regarded  as  the  most  probable 
for  the  pyrrhotite  from  the  Sudbury  district.   He  likewise  mentions 
4187—81 
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the  interesting  fact  that  a  trial  of  a  specimen  from  Rossland,  B.C.) 
allowed  it  to  be  represented  by  the  same  formula  (Fes  89). 

The  pyrrhotite  is  always  massive  and  amorphous,  showing  all 
gradations  of  texture  from  very  finely  to  very  coarsely  granular,  the 
coarser  varieties  possessing  well  marked  cleavages  in  two  directions. 
As  may  be  seen  by  a  reference  to  the  analyses  there  is  little  or  no 
foundation  for  the  popular  belief  that  the  coarsely  crystalline  varie- 
ties are  relatively  poorer  in  nickel  than  those  which  are  finer  grained 
Good  crystals  are  extremely  rare,  and  although  occasional  fragments 
are  found  which  are  apparently  bounded  by  crystal  faces,  such  planes 
are  really  the  direct  result  of  cleavage.  Perhaps  the  only  authenti- 
cated crystal  of  pyrrhotite  was  obtained  by  Mr.  G.  R.  Mickle,  from  a 
man  working  in  the  Worthington  mine.  Mr.  Mickle  thus  describes 
it :  '  The  crystal  is  evidently  a  hexagonal  prism  showing  strongly 
marked  basal  cleavage;  two  of  the  sides  are  intact,  and  portions  of 
two  others  remain.  The  dimensions  are  lA  inches,  or  32mm.,  by  J 
inch,  or  13mm.;  the  weight,  27-4  grains;  and  an  analysis  of  a  very 
small  fragment  from  the  crystal  gave  2-3  per  cent  of  nickel.' 

The  colour  of  the  pyrrhotite  is  a  bright  steel-grey  on  fresh  frac- 
ture, quickly  weathering  to  a  deep  bronze-yellow,  often,  however,  tar- 
nished or  iridescent. 

CHALCOPYRITE. 

The  copper  contained  in  the  ore  is  all  obtained  from  chalcopvrite, 
the  common  sulphide  of  copper  and  iron,  (CuFeSa  sulphur  35  0  per 
cent,  copper  34-5  per  cent,  iron  30-5  per  cent  =  100-0).  It  is  always 
massive,  with  the  usual  deep  brass  or  yellow  colour.  As  usual,  this 
mineral  is  very  subject  to  tarnish,  and  beautiful  iridescent  speci- 
mens can  be  obtained  from  the  ore  heaps,  or  scattered  around  the 
works.  The  composition  of  the  ore  varies  greatly,  as  may  be  seen  by 
a  reference  to  the  analyses,  and  according  to  the  preponderance  of 
either  the  pyrrhotite  or  chalcopyrite,  the  resulting  furnace  product  or 
matte  is  relatively  richer  or  poorer  in  nickel  or  copper.  The  mines  of 
the  Canadian  Copper  Company,  as  the  name  implies,  were  first  oper- 
ated for  their  copper  contents,  and  it  was  not  until  considerable  work 
had  been  done  that  nickel  was  discovered  to  be  present  in  the  ore.  A 
large  shipment  of  ore  had  been  made  to  New  York,  and  a  chemist 
there  who  was  making  a  volumetric  determination  of  the  copper  con- 
tents, by  the  potassium  cyanide  process,  was  struck  by  the  great 
variation  in  his  results,  which  led  him  to  make  a  more  minute  exami- 
nation of  the  ore,  when  he  found  that  nickel  was  present.  The  ore 
has  now  become  of  more  value  on  account  of  its  nickel  than  its  cop* 
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per  contents,  and  Dr.  Peters  himself  greatly  doubted  if  the  mines 
would  pay  to  work  for  copper  alone. 


NICKEL  AND  COBALT  IN  8UDBURY  PYRRI10TITES. 


Locality. 


1.  ELriemine(a)..  .. 

2.  ..  (b)  

S.  Stobie  mine  (a).  — 

4.  »  (b)  

5.  No.  3  mine  (a)  

8l     ..  S    ..  (b)  

7.  Mount  Nickel...  .. 

8.  Copper  Cliff  No.  4  mine 

9.  Copper  Cliff  No.2  mine 

10.  Copper  Cliff  No.5  mine 


Infiol. 


11.  Creighton  mine  (a). . . 

12.  (b)... 

13.  Gertrude  mine  (a)  

14.  «  (b).... 

15.  Victoria  mine  (a). ... . 

16a.  ..  (b)  


17.  Levack  township. . . 


Wi«ner  t  

21.  Copper  Cliff  (7th  level) 


(a)  .... 

22.  Copper  Cliff  (7th  level) 

(b)  

23.  Stobie  mine  (a). 
94. 

25.  Evan*  mine 

26.  « 

27.  Copper  Cliff 

28.  Cryuerman  mine. 

29.  Cochrane  mine. 


M-  

EL'  : 


Cu. 


% 

2  00 

3  45 

1  50 

4  00! 

0  40l 

5  00 

2  20 

1  10 
5  00 

0  50 

3  25 
0  50 

5  00 

6  00 
0  50 
0  10 
3  00 

3  20 

4  10 
2 

2  49 


% 

Trace. 


7  75 
2  96 
11  10 


4  50 
Trace. 

ii 

0  72 
1-20 


0  00 
0  00 
0  00 

Trace. 
0  00 

Trace. 

0  10 


Ni. 


% 

2  40 

2  36 

3  00 
2  05 
2  35 

2  34 

3  00 


3  47 

3  84 

2  26 

3  83 
3  61 
3  36 
3  14 

3  50 
2  80 
2  22 
5  31 

4  87 


0  00  11  00 


2  70' Trace. 


4  62 
2  75 

2  16 
9  02 

3  82 
340 

4  46 

3  52 

4  06 


Co.  S. 

! 


% 

0  06 
0  05 
0  08 
0  05 
0  05 
0  06 
0  07 


% 


3  24  ]  0  06 
3  7o'   0  08 


0  08 
0  10 
0  06 
0  11 

0.09 
0  07 
0  08 


Iron. 


% 


32  00 


34  28 
34  62 


55  00 


Ni.  in  pure 
Pyrrhotite. 


38  01   50  40 


0  175 
0  174 
0  146 
0  165 


SB  58 
36  35 
36  10 

39  28 

40  18 


55  70 
68  00 
57  00 
51  50 
66  00 


2  46 

2  44 

3  05 
2  15 
2  40 

2  48 
306 

3  30 

4  00 

3  50 

4  00 

2  32 
4  05 
4  00 

3  40 
3  20 


2  88 
2  32 


Co: 
Co: 

Co: 
Co: 


 /  

11  00 

4  62 
2  75 

2  15 
9  02 

3  82 

=  0  2,  Ni3  9  8 
=018,  Ni  4-6 
=016,  Ni  3  90 
=017,  Ni  417 


EXPLANATIONS. 

Analyses  1-18,  inclusive,  with  the  exception  of  16a,  were  made  by 
Mr.  C.  W.  Dickson,  (Trans.  Amer.  Inst.  Min.  Eng.,  Albany  meeting, 
Feb.,  1903)  in  duplicate  or  triplicate,  to  ensure  the  greatest  possible 
accuracy.  These  were  made  to  ascertain  as  accurately  as  possible 
the  average  nickel  and  cobalt  contents  of  the  general  run  of  the 
pyrrhotite  from  the  whole  region.  The  pyrrhotite  was  coarsely 
crushed,  and  the  mineral  picked  out  as  pure  as  possible,  under  a  lens, 
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when  necessary.  From  the  massive  varieties  good  samples  were  easily 
obtained,  but,  in  other  cases,  the  pyrrhotite  was  so  intimately  mixed 
with  chalcopyrite  and  rock  that  it  was  very  difficult  to  obtain  satis- 
factory samples,  some  rock  always  adhering  to  the  sulphide.  The 
results  obtained  show  that  the  percentage  is  fairly  constant  over  a 
wide  area.  The  pyrrhotite  includes  both  fine  and  coarse-grained.  In 
the  case  of  the  coarse-grained  varieties,  where  the  nickel  mineral 
pentlandite  can  often  be  recognized,  this  was  carefully  rejected,  as 
far  as  possible.  But  the  difficulty  of  separation  accounts  for  the  fact 
that  some  of  these  varieties  show  less  nickel  than  the  finer-grained 
ones,  although  the  former  are  usually  considerably  richer.  Had  the 
coarse-grained  samples  been  treated  in  their  original  condition  the 
results  would  have  been  more  uniform.  These  analyses,  therefore, 
represent  the  nickel  which  is  most  intimately  associated  with  the 
pyrrhotite  and  does  not  appear  as  particles  of  pentlandite. 

1.  Coarse  pyrrhotite,  with  a  small  amount  of  chalcopyrite  and 
rock;  2.  Compact  fine-grained  pyrrhotite,  with  a  small  amount  of 
rock;  3.  Massive,  fine-grained  pyrrhotite;  4.  Pyrrhotite  and  chalco- 
pyrite, in  diorite;  5.  Pure,  coarse  pyrrhotite;  6.  Fine-grained  pyrrho- 
tite; 7.  Massive  pyrrhotite;  8.  Coarse  pyrrhotite;  9.  Massive,  fine- 
grained pyrrhotite;  10.  Massive,  fine-grained  pyrrhotite;  11.  Mas- 
sive, fine-grained  pyrrhotite;  12.  Coarse  pyrrhotite;  13.  Massive 
pyrrhotite;  14.  Massive  pyrrhotite;  15.  Massive,  fine-grained  pyrrho- 
tite; 16.  Coarser  than  No.  15,  but  with  more  chalcopyrite;  16a.  Ana- 
lysis of  ore  by  Mond  Nickel  Company;  17.  Massive  pyrrhotite  (Tough 
&  Stobie's  property) ;  18.  Coarse,  massive  pyrrhotite,  from  the 
Northern  Nickel  range;  19  and  20  are  analyses  by  Mr.  Donald 
Locke.  Analyses  21  to  26,  inclusive,  are  of  ore  selected  for  purposes 
of  magnetic  concentration,  by  Mr.  David  H.  Browne.  Analyses  27  to 
80,  inclusive,  are  by  Mr.  M.  F.  Connor,  of  this  Department,  and  were 
of  hand-picked  ore,  as  free  as  possible  from  chalcopyrite  and  gangue. 
All  of  the  specimens  wore  of  pyrrhotite  of  medium  grain,  with  the 
exception  of  that  from  the  Little  Stobie  mine,  which  was  a  very 
coarse  cleavable  variety. 

MODE  OF  OCCURRENCE  OF  THE  SUDBURY  NICKEL  DEPOSITS. 

Most  geologists,  at  least,  who  have  examined  these  deposits  in 
detail,  are  agreed  that  they  are  not  true  fissure  veins,  and  although 
at  times  certain  sloping  surfaces  are  obtained,  which  seem  to  have  a 
uniform  inclination  and  limit  the  distribution  of  ore  in  their  direc- 
tion, yet  it  seems  certain  that  there  are  no  regular  walls,  in  the 
miner's  sense  of  the  term,  and  at  both  sides  of  the  deposit  the 


MODE  OP  OCCURRENCE  OP  DEPOSITS  119 

enclosing  rock  is  impregnated,  more  or  less,  with  pyritous  matter. 
Although  mining  is  thus  rendered  somewhat  difficult  and  uncertain, 
on  account  of  the  absence  of  the  walls,  and  irregularity  in  the  dis- 
tribution of  the  ore,  so  that  there  is  very  little  means  of  knowing  in 
what  direction  to  drive  the  levels,  this  uncertainty  is  usually  more 
than  compensated  by  the  extent  and  massiveness  of  the  deposits, 
when  found. 

The  ore -bodies  are  of  irregular,  oval  or  pod-shaped  outline,  and  all 
agree  in  having  their  longer  axes  to  correspond  very  closely  with  the 
direction  of  the  foliation  of  the  enclosing  rocks.  The  shapes  and 
dimensions  of  the  ore-bodies  of  the  International  Nickel  Company's 
mines  at  Copper  Chtf  are  accurately  shown  on  the  accompanying 
large  scale  maps.  There  are  three  main  types  of  these  ore  deposits  in 
the  Sudbury  mining  district. 

1.  Those  which  occur  at  the  southern  border  of  the  immense  body 
of  hypersthene-gabbro,  or  norite,  which  reaches  without  interruption 
from  Drury  to  Garson  townships.  Under  this  division  are  included 
the  Gertrude,  Creighton,  North  Star,  Tam  CShanter,  Lady  Violet, 
Elsie,  Murray,  Cameron,  Little  Stobie,  Mount  Nickel,  Blezard,  Bea- 
trice, Kirkwood  and  Cryderman  mines. 

2.  Those  which  are  developed  in  connexion  with  offsets  or  dike- 
like forms  of  the  norite,  extending  southward  from  the  main  mass, 
and  which  are  intruded  into  the  older  rocks,  almost  at  right  angles 
to  the  planes  of  foliation  and  bedding.  This  would  embrace  such 
mines  as  the  Victoria,  Clarabelle  (No.  6),  No.  4k,  Lady  Macdonald 
(No.  5)  and  No.  2,  and  the  extensions  of  No.  2  mine. 

3.  Those  which  are  associated  with  smaller  and,  at  present,  com- 
pletely isolated  bodies  of  norite.  These  separate  masses  of  the  nickel 
bearing  eruptive  are  so  closely  identical,  in  mineralogical  composi- 
tion, structure  and  behaviour,  to  the  parent  eruptive,  that  they  are 
probably  connected  with  it,  in  some  way,  at  a  distance  below  the 
surface. 

The  original  Copper  Cliff,  No.  1,  and  its  extensions,  Evans,  Frood 
(No.  3)  and  Stobie  mines  are  all  examples  of  this  last-mentioned 
class. 

The  first-mentioned  divisions  of  deposits  are  all  situated  at  the 
immediate  contact  between  this  huge  mass  and  the  older  rocks,  into 
which  it  is  intruded.  The  intrusive  nature  of  this  contact  is  well 
shown,  the  impregnation  of  the  old  green  schists  consisting,  for  the 
most  part,  of  small,  dike-like  forms  or  veins  of  sulphide  material, 
injected  along  the  planes  of  schistosity,  while,  on  the  other  side,  the 
line  of  separation  between  the  ore-body  and  the  norite  is  even  more 
uncertain,  the  sulphide  material  gradually  fading  out,  until  it  is 
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only  represented  by  occasional  disseminations.  To  the  northwest  this 
basic  rock  shows  a  gradual  differentiation  or  passage  into  the  peculiar 
and  characteristic  type  of  gneissic  granite  usually  referred  to  as 
'  micropegmatite.'  On  the  Levack  or  Middle  range  (Windy  Lake 
eruptive),  this  condition  of  affairs  is  reversed,  and  we  find  the  de- 
posits at  the  northwestern  margin  of  the  norite,  while  its  differentiate, 
the  micropegmatite,  lies  to  the  southeast.  This  same  condition  of 
affairs  obtains  on  the  Northern  Nickel  range  where  the  norite  comes 
in  contact  with  the  older  granites  and  green  schists  on  the  north 
side,  while  the  micropegmatite  underlies  the  area  to  the  south. 

The  Worthington  and  the  Vermilion  mines  are  the  only  deposits 
which  have  been  developed,  having  no  visible  connexion  with  the 
main  mass  of  norite  already  noticed.  As  has  been  shown  on  a  pre- 
vious page,  the  Worthington  mine  occurs  on  a  narrow  neck  of  actino- 
lite  diorite,  which  is,  without  doubt,  the  altered  representative  of 
the  older  norite.  To  the  southwest  and  east  this  norite  is  directly 
connected  with  a  much  larger  mass  of  basic  eruptive  material.  As 
far  as  can  be  learned  no  large  deposit  of  ore  was  encountered  at  the 
Vermilion  mine,  and  the  small  amount  of  norite  found  resembles 
very  closely  the  decomposed  variety  of  the  older  type  of  this  rock. 

Bounded  hills  of  gossan,  indicating  the  presence  of  the  more  or 
less  pure  and  unaltered  ore  beneath,  extend  with  almost  unbroken 
continuity  for  miles  along  the  line  of  junction,  while  by  far  the 
larger  portions  of  the  offsets  and  isolated  masses  with  which  the 
ore-bodies  are  associated  are  also  of  a  prevailing  brownish  colour, 
from  the  decomposition  of  the  abundantly  disseminated  sulphides. 
This  gossan  has  resulted,  as  usual,  from  the  alteration  of  the  pyrrho* 
tite  and  chalcopyrite,  and  the  formation  of  hydrous  oxide  of  iron, 
which  gives  «  prevailing  brownish  colour  to  the  upper  portions  of  tho 
deposits.  This  covering  of  iron  oxide  is  sometimes  as  much  as  six 
feet  in  depth,  although  usually  it  is  only  two  or  three  feet,  gradu- 
ally merging  into  the  unaltered  ore  beneath.  The  depth  to  which 
this  gossan  extends  depends  largely,  of  course,  on  the  length  of  time 
the  deposits  have  been  uncovered,  and  thus  exposed  to  processes  of 
weathering.  Some,  from  which  the  green  forest  and  overlying  soil 
have  but  lately  been  removed,  show  little  or  no  iron  oxide,  while 
others,  like  the  Murray  mine,  which  have  been  exposed  to  the  action 
of  the  weather  for  years,  exhibit  an  extensive  covering  of  this  char- 
acteristic decomposition  product.  From  the  Elsie  mine,  in  a  north- 
easterly direction,  past  the  Murray  mine  as  far  as  the  boundary  be- 
tween McKim  and  Blezard  townships,  a  considerable  belt  of  rock 
occurs  at  the  immediate  margin  of  the  norite,  so  heavily  charged 
with  sulphides  that  its  weathered  outcrop  at  the  surface  is  covered 
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with  this  gossan.  At  the  old  Copper  Cliff  mine,  as  well  as  at  the 
Creighton  mine,  this  overlying  gossan  is  very  wide  spread  and  deeply 
impressive. 

In  most  cases  these  ore-bodies  show  a  brecciatcd  character,  large 
angular  or  partially  rounded  blocKs  of  almost  barren  rock  being 
mingled  with  the  ore.  Some  of  these  horses,  as  they  have  been  called, 
are  made  up  of  the  material  derived  from  the  wall  rock  against  which 
the  pyritous  matter  cooled.  Their  presence,  in  this  connexion,  is  no 
doubt  due  to  the  shattering  of  the  invaded  formation  at  their  con- 
tact with  the  plutonic  magma.  In  fact,  they  form  an  illustration,  on 
a  small  scale,  of  the  phenomenon  of  '  overhead  stoping,'  so  fully 
described  and  explained  by  Dr.  R.  A.  Daly.(')  In  other  instances, 
however,  this  comparatively  barren  material  is  of  norite,  but  such 
inclusions  are  seldom  sharply  denned  from  the  sulphide,  exposures 
showing  a  gradual  transition  from  one  to  the  other,  while  the  blocks 
themselves  are  generally  more  or  less  plentifully  impregnated  with  the 
prevailing  sulphide. 

No  great  depth  has  yet  been  reached  by  the  workings  of  any  of 
the  mines  of  the  marginal  type  of  deposits.  The  deepest  of  the  shafts 
is  at  the  Blezard  mine,  which  has  only  been  sunk  a  distance  of  172 
feet,  while  those  of  the  Murray  and  Gertrude  are  160  and  120  feet 
deep,  respectively.  On  the  other  hand  the  diamond  drilling  under- 
taken at  the  Creighton  is  stated  to  have  proved  the  existence  of  this 
phenomenally  large  body  of  nickle  ore  to  a  depth  of  at  least  400 
feet.  This  wonderful  deposit  of  pyrrhotite  has  been  worked,  mainly, 
as  a  large  open  pit,  measuring  150  by  200  feet,  and  extending  to  a 
depth  of  62  feet.  All  of  these  deposits  dip  to  the  north  and  north- 
west at  an  angle  varying  from  30°  to  70°. 

Of  the  mines  belonging  to  the  second  group  of  those  developed 
along  the  offsets,  the  two  most  important  are  the  Victoria  mine  and 
the  No.  2  mine,  of  the  International  Nickel  Co.,  at  Copper  Cliff. 
The  Victoria  mine,  of  the  Mond  Nickel  Company,  with  seven  levels 
and  extensive  slopes,  has  reached  a  depth  of  557  feet.  The  No.  2 
mine  has  afforded  a  large  amount  of  ore,  being  worked  for  the  most 
part  as  a  large  open  pit,  measuring  about  250  feet  in  length,  by  100 
to  150  feet  in  width,  and  with  a  depth  of  217  feet. 

The  original  and  famous  Copper  Cliff  mine  has  often  been  re- 
ferred to  as  a  chimney  of  ore,  averaging  in  width  from  50  to  100 
feet  in  the  cross  section,  through  the  shaft,  while  at  right  angles  to 
thh  direction  it  varies  from  30  to  210  feet  The  first  or  old  haft, 
now  in  large  part  abandoned  except  for  pumping  purposes,  was  sunk 


(1)  Atner.  Jour.  Sc.,  Vol.  XVI..  1903,  p.  108. 
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to  a  d^jlli  of  over  500  feet,  on  an  incline  of  40°,  while  shaft  No.  2, 
or  the  new  shaft  to  take  its  place,  starts  from  the  third  level,  at  a 
distance  of  150  feet  from  the  surface,  and  continues  at  an  angle  of 
77°  ZQf,  or  approximately  parallel  to  the  ore  body,  to  the  14th  level 
(depth  1,0:.*  feet). 

The  ore  body  of  the  Stobie  mine,  developed  in  connexion  with  a 
small  isolated  mass  of  norite,  has  an  inclination  of  65°,-and,  although 
the  workings  have  only  reached  a  vertical  depth  of  250  feet,  it  has 
yielded  a  larger  amount  of  ore  than  any  other  mine  in  the  district 
(415,000  tons). 

ORIGIN  OF  THE  ORE  DEPOSITS. 

The  question  as  to  how  these  abnormally  large  masses  of  sul- 
phide material  acquired  their  present  position  and  dimensions  has 
furnished  a  fruitful  topic  for  speculation  and  discussion  ever  since 
their  first  discovery.  Fortunately,  however,  only  two  theories,  with 
some  minor  modifications,  have  been  advanced  in  explanation  of  the 
manner  of  their  formation,  and  which  may  be  summarized  as  fol- 
lows : — 

1.  That  the  sulphides  are  directly  of  igneous  origin,  the  products 
of  the  differentiation  of  a  gabbro  or  norite  magma,  being  segregated 
along  its  margin  in  obedience  to  Soret's  principle,  the  order  of  for- 
mation of  the  minerals  being  in  accordance  with  Fournet's  series. 

2.  That  these  ore  bodies  are  altogether  of  secondary  and  aqueous 
origin,  occurring  as  replacements  along  crushed  and  faulted  zones. 

The  extreme  advocates  of  either  theory  seek  to  ignore  the  share 
of  the  other  in  forming  these  deposits,  as  they  exist  at  present.  Thus, 
those  who  originally  held  that  these  ores  were  the  immediate  product 
of  magmatic  segregation  failed  to  mention,  or  at  least  emphasize 
the  possibility  that  those  deposits  were,  in  any  way,  influenced  by 
the  presence  of  these  heated  solutions,  which  to  a  certain  extent 
accompany,  and  in  all  cases  immediately  follow  all  plutonic  action. 
On  the  other  hand  those  who  consider  these  deposits  as  of  secondary 
origin,  in  seeking  to  explain  the  source  of  the  metals,  although  they 
acknowledge  as  a  fact,  '  that  the  universal  association  of  these  ores 
with  essentially  similar  rocks  is  also  striking'  and  again  '  that  the 
norite,  (or  gabbro)  has  an  intimate  connexion  with  the  development 
of  the  ores  cannot  oe  doubted,  but  in  just  what  way  they  are  related 
is  not  clear,'  still  at  the  same  time  they  nullify  any  effect  which 
might  be  produced  by  such  information  by  a  statement  to  the  effect, 
that '  an  appeal  must  be  made  to  a  more  distant  source  of  the  metals, 


Digitized  by  Google 


ORIGIN  OF  THE  SUDBURY  ORE  DEPOSITS 


123 


probably  minutely  disseminated  in  the  rocks  through  which  the  de- 
positing solution  passed.'  (*) 

The  writer,  who  was  one  of  the  first  to  affirm  a  direct  igneous 
origin  for  these  Sudbury  ores,  giving  independent  expression  to  pre- 
cisely similar  views,  which  about  the  same  time  were  stated,  in  much 
more  detail,  by  Professor  J.  H.  L.  Vogt,  of  Christiania,  Norway, 
realizes  the  fact  that,  in  the  first  endeavour  to  fix  definitely  the  re- 
sponsibility for  these  unusual  occurrences,  too  much  emphasis  was 
perhaps  given  to  the  idea  of  magmatic  differentiation,  as  in  itself 
giving  an  adequate  explanation  oi  all  the  phenomena  witnessed. 
This  can  only  be  excused  on  the  ground  that  this  doctrine  as 
applied  to  ore  deposits  was  an  entire  innovation,  and  its  strongest 
affirmation  was  at  first  very  necessary  in  order  to  effect  its  recogni- 
tion as  a  previously  ignored  though  important  factor  in  the  de- 
velopment of  ore  deposits.  More  recent  and  detailed  examination  of 
the  various  ore  bodies  has  shown  that  while  the  first  hypothesis  of  a 
segregation  of  these  sulphides,  directly  from  the  magma,  is,  in  the 
main,  the  true  explanation  of  their  present  position,  other  agencies, 
which  are  usually  grouped  together  under  the  name  of  secondary 
action,  have  contributed  rather  largely  to  bring  about  their  unusual 
dimensions. 

As  Professor  Kemp  remarks,  (2)  '  increasing  experience  leads  us 
to  look  with  especial  favour  on  the  igneous  rocks  as  the  original 
source  of  the  ore,  whose  widely  disseminated,  although,  when  con- 
sidered in  comparison  with  their  mass,  whose  small  percentages  of 
all  the  metals,  except  the  invariably  abundant  iron,  suggest  to  us 
original  8  to  res  for  leaching.  We  are  also  attracted  to  them,  as  a 
source,  because,  without  doubt,  all  other  rocks  must  be  ascribed  to 
them  in  the  last  analysis;  because  they  are  so  often  in  close  associa- 
tion with  ores  as  mined,  and  because,  above  all,  they  are  the  natural 
stimulators  of  those  heated  solutions  to  which  we  can  with  most 
reason  attribute  the  results.' 

At  the  present  day,  fused  magmas  are  regarded  as  more  or  less 
complex  solutions,  which,  by  reason  of  their  high  temperatures,  obey 
the  same  laws  in  the  order  and  method  of  their  solidification  as  those 
which  govern  the  crystallization  from  ordinary  solutions  of  a  simi- 
larly heterogeneous  composition.  A  study  of  thin  sections  of  igneous 
rocks,  under  the  microscope,  reveals  the  fac*  that  a  certain  definite 
order  in  the  generation  of  the  component  minerals  is  always  ob- 
tained, which  is  closely  followed  in  the  cooling  of  any  body  of 
magma.   Thus,  in  a  gabbro  or  norite  magma,  the  oxides  of  iron  and 

(1)  Trass.  Amer.  Inst.  Min.  Eng.   Albany  Meeting,  Feb.,  1903. 
«2)  Mln.  Industry,  Vol.  IV..  1896.  pp.  766-757. 
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titanium,  the  sulphides  of  iron,  nickel  and  copper,  zircon  and  apatite 
are  the  first  to  crystallize.  These  are  followed  by  the  ferromagnesian 
silicates,  olivine,  hypersthene,  biotite  and  diallage.  The  plagioclase 
may  antedate,  accompany  or  immediately  follow  the  crystallization 
of  one  or  more  of  the  coloured  constituents,  depending  on  its  basicity, 
while  quartz  is  invariably  the  last  to  form,  filling  up  all  the  irregular 
interspaces  remaining.  One  of  the  main  laws  governing  the  crystal- 
lization from  a  solution,  or  an  igneous  magma,  is  known  as  Soret'a 
principal,  according  to  which  the  dissolved  matter  is  concentrated 
in  the  coolest  part  of  the  solution.  Gravity,  temperature  and  pressure 
are  also  important  factors,  but  these  have  not  yet  been  deeply  in- 
vestigated. 

Perhaps  one  of  the  most  significant  developments  of  modern  petro- 
graphic  geology  has  been  the  recognition  of  the  fact  that  an  origin- 
ally homogeneous  molten  mass  tends  to  so  separate  or  split  itself, 
upon  cooling,  as  to  ultimately  produce  rocks  of  varying  composition. 
This  fact,  bearing  so  intimately  on  the  genesis  of  igneous  rocks,  has 
caused  the  formulation  of  the  hypothesis  known  as  magmatic  differ- 
entiation. The  hypothesis  may  be  briefly  described  as  the  division 
or  differentiation  of  a  more  or  less  viscous  magma,  or  fused  mass  of 
rock,  into  chemically  and  mineralogically  diverse  parts,  which,  on 
cooling,  yield  correspondingly  different  types  of  rocks.  It  would  be 
manifestly  unwise  in  this  connexion  to  enter  into  any  detailed  ex- 
planation of  this  very  generally  accepted  hypothesis,  as  the  conditions 
attending  the  consolidation  of  a  large  body  of  magma  are  now 
believed  to  be  much  more  complex  than  at  first  supposed.  Moreover, 
our  knowledge  regarding  tuese  conditions,  and  the  several  processes 
which  are  no  doubt  involved,  is  so  vagu«  and  incomplete  that  no  full 
or  satisfactory  explanation  can  yet  be  offered  of  this  phenomenon. 
All  geologists  of  repute  are,  however,  agreed  on  the  main  fact  that 
magmatic  differentiation  furnishes  the  only  reasonable  explanation 
of  most  of  the  observations  made  in  connexion  with  any  extended 
exposure  of  igneous  rocks. 

Applying  these  principles  to  the  geological  relations  of  the  Sud- 
bury gabbro  or  norite,  and  the  associated  sulphide  deposits,  the  sub- 
joined facts  seem  to  furnish  unanswerable  proof  that  the  hypothesis 
of  a  segregation  of  these  ore  bodies,  directly  from  the  magma,  is,  in 
the  main,  the  true  explanation  of  their  position. 

1.  The  deposits,  without  exception,  all  occur  at  the  margin  of  the 
gabbro  or  norite,  the  rock  itself  in  immediate  association  with  the 
ore  being  finer  in  texture,  and  relatively  much  more  basic  in  compo- 
sition than  portions  further  removed  from  the  contact.  There  is  a 
very  gradual  increase  in  the  basicity  of  the  gabbro  outward  from 
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the  micropegmatite,  although  a  rather  abrupt  transition  takes  place 
in  the  immediate  neighbourhood  of  the  contact.  The  sulphides  are- 
also  finer  grained  near  the  contact,  while  farther  away  they  become 
coarser  grained.  (*) 

2.  The  sulphides  are  always  much  more  sharply  defined  against 
the  walls  of  the  intrusion  than  on  the  inner  side  towards  the  main 
mass  of  the  gabbro,  the  transition  in  this  direction  showing  a  more 
gradual  decrease  in  the  amount  of  ore  in  the  rock  as  the  contacts  are 
left  This  phenomenon,  as  has  been  mentioned,  is  explained  by  the 
fact  that  the  sulphides,  in  obedience  to  Soret's  principle,  become 
concentrated  towards  the  cooling  surface  of  the  mass. 

3.  These  deposits  are  always  found  in  such  intimate  association 
with  the  norite  or  hypersthene-gabbro  that  we  are  forced  to  the  con- 
clusion that-  the  ore  bodies  stand  in  some  genetic  relation  to  this 
plutonic  igneous  rock.  This  is  hot  only  true  in  regard  to  the  Sud- 
bury district,  but  is  also  the  invariable  association  of  precisely  simi- 
lar deposits,  found  in  Norway,  Sweden,  Lombardy  and  Pennsylvania. 
The  importance  of  geological  studies,  in  connexion  with  ore  deposits, 
is  emphasized  by  the  fact,  mentioned  by  Adams,  (2)  that  although,  in 
these  several  widely  separated  countries,  the  pyrrhotite  deposits, 
associated  in  the  manner  described  with  the  gabbros,  are  so  rich  in 
nickel,  the  celebrated  Fahlbands  of  Norway,  which  are  bedded,  or 
apparently  bedded,  deposits,  consisting  of  heavy  impregnations  of 
pyrrhotite,  pyrite,  chalcopyrite,  etc.,  but  occurring  in  gneisses  and 
schists  of  various  kinds,  contain  hardly  any  nickel,  hundreds  of 
analyses  showing  the  nickel  and  cobalt  contents  to  range  from  01 
to  0-5  per  cent,  and  what  is  still  more  remarkable  the  same  is  true 
of  the  similar  Fahlbands  associated  with  our  Laurentian  in  Canada, 
so  far  as  these  have  been  examined.  In  these  the  pyrrhotite  and 
pyrite  is  present  in  large  amount,  and  is  often  associated  with  copper 
pyrites,  but  only  a  very  small  quantity  of  nickel  and  cobalt,  ranging 
from  faint  traces  to  0  16  per  cent,  occurs  in  the  pure  sulphide 
material.  In  addition,  pyrrhotite,  chalcopyrite  and  pyrite  occur, 
sometimes  in  promising  quantities,  in  the  older  green  schists  and 
tuffs  of  the  Sudbury  district,  but  even  the  richest  of  these  deposits 
were  shown  by  analyses  to  contain  a  much  smaller  amount  of  nickel, 
ranging  from  0-45  to  0-96  per  cent,  in  the  pure  pyrrhotite. 

4.  Pyrrhotite,  chalcopyrite  and  pyrites  are  all  ordinary  constituent 
materials  of  the  normal  norite,  and  are,  at  times,  comparatively 
abundant  even  in  exposures  situated  some  distance  from  the  contact. 


(1)  Quart.  Jour.  Qeol.  Soc..  Lon..  Vol.  LIII.,  1897.  p.  62. 
<2>'On  the  Igneous  Origin  of  Certain  Ore  Deposits,' Montreal,  1894,  p.  17; 
also.  Ann.  Rep.  Geol.  Surv.,  Can..  Vol.  VI.,  1892-93.  Part  J. 
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We  may  readily  obtain,  at  any  of  the  mines,  specimens  which  ex- 
hibit every  gradation  in  the  amount  of  these  sulphides  present  in 
the  rock,  from  the  ordinary  type  of  norite,  with  occasional  dissemin- 
ated grains  of  the  pyritous  matter,  to  what  has  been  referred  to  by 
Vogt  as  '  pyrrhotite-gabbro  or  norite'  with  from  5  per  cent  to  50 
per  cent,  or  even  80  per  cent  of  pyrrhotite,  while  portions  of  some  of 
the  deposits  are  made  of  practically  pure  pyrrhotite  and  chalcopyrite, 
with  little  or  no  gangue  matter. 

5.  The  sulphides  are,  undoubtedly,  of  primary  origin,  and  are 
among  the  earliest  of  the  minerals  to  crystallize  out  from  the  original 
magma,  sometimes  even  antedating  the  iron  ore,  in  which  they  are 
occasionally  completely  enclosed.  They  occur  in  very  much  the  same 
way  as  the  iron  ore,  embedded  in,  or  in  the  immediate  vicinity  of  the 
various  coloured  constituents.  In  fact  individual  grains  can  only 
be  distinguished  from  one  another  by  their  colour  in  reflected  light. 
This  intimate  association  between  the  iron  ore  not  only  occurs  in 
the  normal  norite,  but  even  the  ore  bodies  themselves,  especially 
those  of  the  North  range,  which  almost  invariably  contain  titanifer- 
ous  magnetite  often  in  appreciable  quantities.  Occasionally  consider- 
able masses  of  magnetite,  sometimes  several  tons  in  weight,  are  en- 
countered in  the  working  of  the  mines,  which  are  completely  enclosed 
in  the  sulphide  material,  while  this  iron  ore  itself  contains  dissemin- 
ated grains  of  the  pyrites,  in  addition  to  certain  decomposed  silicates 
belonging  to  the  norite.  The  relations  which  obtain  between  the 
Bulphides  and  the  norite  are  closely  analogous  to  deposits  of  magne- 
tite, occurring  in  connexion  with  certain  basic  igneous  rocks  in 
central  Ontario.  In  these  deposits  the  magnetite  is  the  abundant 
ore,  while  the  sulphides  are  usually  present  in  subordinate  amount. 
The  enclosing  rocks  usually  show  much  more  alteration  than  in  the 
case  of  the  norite  associated  with  the  Sudbury  sulphide  deposits. 

6.  The  transitional  type  between  the  normal  norite  and  the  richer 
forms  of  the  pyrrhotite-norite  furnishes  unmistakeable  evidence  that, 
in  these  cases  at  least,  the  sulphides  were  formed  during  the  cooling 
and  crystallization  of  the  norite  magma,  and  that  they  were  very 
little  affected  by  any  secondary  action.  The  only  euects  of  pneuma- 
tolytic  or  vein  action  noticed,  consisted  in  the  more  or  less  complete 
alteration  of  the  pyroxene  minerals,  while  much  of  the  plagioelase 
is  surprisingly  fresh  and  glassy.  Although  most  of  the  rock  matter 
associated  with  the  ore  bodies  is  more  or  less  decomposed  the  altera- 
tion is  not  of  the  extreme  type,  which  would  be  expected  if  the  whofe 
of  the  deposits  resulted  from  secondary  action.  The  writer's  collec- 
tion of  rocks  contains  specimens  of  the  pyrrhotite-norite,  sometimes 
containing  as  high  as  10  per  cent  of  the  sulphides,  from  most  of  the 
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principal  mines,  which  are  so  free  from  alteration  as  to  permit  of 
the  precise  identification  of  both  the  orthorhombic  and  monoclinic 
pyroxenes.  The  rocks  in  the  immediate  vicinity  of  the  ore  bodies 
are  not,  therefore,  as  generally  described,  so  made  up  of  secondary 
minerals  as  to  thoroughly  obscure  their  original  composition  and 
structure,  but,  on  the  contrary,  the  least  altered  representatives  of 
the  norite  may  readily  be  obtained  at  or  in  the  immediate  vicinity 
of  any  of  the  mines. 

7.  Fournet  has  shown  that  sulphur,  when  dissolved  in  a  molten 
magma  of  silicates,  shows  affinity  for  the  metals  in  the  following 
order:  copper,  nickel,  cobalt,  iron,  tin,  zinc,  lead,  silver,  antimony 
and  arsenic.  The  small  percentages  of  copper,  nickel  and  cobalt 
present  in  the  original  magma  unite  with  the  sulphur,  and  thus  be- 
come concentrated  in  any  sulphide  of  iron  which  separates,  while 
any  tin,  zinc,  lead,  silver,  antimony  or  arsenic  present  in  the  magma 
is  not  so  concentrated. 

8.  Vogt  (*)  mentions  that  if  we  were  to  distribute  the  whole 
metallic  contents  of  the  ore  deposits  through  their  respective  mother 
rocks  in  Norway  these  would  have  the  following  percentages:  nickel, 
0- 03  per  cent  to  0  12  per  cent;  cobalt,  0  005  per  cent  to  0  017  per 
cent;  and  copper,  0  015  per  cent  to  0  05  per  cent.  No  attempt  has 
been  made  to  calculate  these  percentages,  with  regard  to  the  Sud- 
bury district,  but  the  above  results  are  just  about  what  would  be 
expected  from  our  knowledge  of  the  nickel  contents,  generally,  in 
the  basic  silicates  of  rocks. 

9.  One  difficulty  which  has  often  been  urged  against  the  direct 
development  of  these  deposits  from  a  state  of  igneous  fusion  is  that 
it  would  be  impossible  to  obtain  such  large  and  comparatively  pure 
concentrations  of  the  sulphides.  Mr.  David  Browne  (2)  has  shown 
by  numerous  analyses  and  diagrams  that  in  a  pot  of  matte  the  nickel 
tends  to  concentrate  towards  the  centre,  while  the  copper  is  much 
richer  at  the  outer  margins.  This  is  exactly  the  experience  in  min- 
ing. '  These  observations,'  Prof.  Kemp  remarks,  '  are  extremely 
important,  showing  as  they  do  the  migration  of  metallic  matter  even 
in  so  viscous  and  quickly  chilling  a  mass  as  a  pot  of  matte.' 

10.  Vogt  believes  that  eruptive  magmas  may  keep  dissolved  even 
very  considerable  quantities  of  sulphides,  supporting  his  belief  by 
the  fact  that  basic  blast  furnace  slags  usually  hold  from  3  to  5  per 
cent  of  sulphides,  especially  CaS  and  MnS ;  likewise,  the  basic  ferri- 
ferous slags  from  copper,  nickel  and  lead  smelting  may  contain  from 

(1)  Mln.  Industry,  Vol.  IV..  1895   p.  748. 

(2)  School  of  Mines  Quarterly,  Columbia  College.  July.  1895,  p.  297;  also 
Mln.  Industry.  Vol.  IV.,  1896.  p.  782. 
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4  to  6  per  cent  FeS  and  the  basic  zinc  slags  even  6  to  8  per  cent 
ZnS.  Sandberger  separated  the  dark  silicates  of  many  rocks  and 
proved  them  to  contain  copper,  nickel,  cobalt,  lead,  tin,  antimony, 
arsenic,  bismuth  and  silver. 

11.  Galena,  zinc  blende,  and  compounds  of  arsenic  and  bismuth 
are  either  completely  wanting  or  present  in  very  insignificant  amount. 

12.  The  remarkable  scarcity  of  boracic  and  fluoric  minerals  and 
other  secondary  products  which  usually  attend  any  pronounced  or 

v  long  continued  vein  action. 

13.  Secondary  quartz,  calcite  and  dolomite  are  occasionally  pre- 
sent, in  appreciable  amounts,  but  the  prevailing  scarcity  of  these 
minerals,  at  most  of  the  deposits,  lias  always  been  a  subject  of  re- 
mark, and  the  first  mentioned  mineral  has  often  been  brought  from 
considerable  distances,  not  only  to  line  the  converters,  but  also  to 
add  to  the  furnace  charges,  even  at  such  mines  as  the  Victoria,  where 
secondary  quartz  is  relatively  perhaps  more  abundant  than  at  any 
other  deposit  in  the  district. 

14.  Platinum,  usually  at  least,  in  the  form  of  sperrylite,  is  found 
in  small  quantities  at  all  of  the  deposits.  Such  an  occurrence  seems 
to  be  closely  related  to  the  native  platinum  and  osmiridium  metals, 
in  the  altered  basic  olivine  rocks  of  the  Urals  and  elsewhere. 

15.  The  deposits  are  singularly  uniform  iu  chemical  and  mine- 
ralogical  composition,  and  their  monotonous  character,  in  this  respect, 
has  been  frequently  commented  upon.  A  careful  study  of  the 
analyses  will  serve  to  further  emphasize  this  fact.  This  peculiarity 
holds  good,  not  only  with  regard  to  the  Sudbury  deposits,  but  applies 
with  equal  force  to  those  of  Norway  and  elsewhere,  wherever  full 
details  of  composition  are  available.  The  characteristic  minerals  of 
this  4  world  group,'  as  it  has  been  called,  are  everywhere  the  same. 
Pyrrhotite,  with  generally  from  2  to  4  per  cent  of  nickel  and  cobalt, 
although  occasionally  reaching  as  high  as  10  to  11  per  cent  of  nickel, 
pyrite  (in  Norway  relatively  rich  in  cobalt),  pentlandite,  together 
with  some  chalcopyrite,  and  some  titaniferous  magnetite,  are  always 
present  in  the  norite  or  gabbro.  The  nickel  minerals  polydymite, 
millcrite,  etc.,  are  also  often  present,  but  only  in  very  subordinate 
amounts. 

1C.  Brecciation,  which  is  so  frequently  characteristic  of  these 
deposits,  is  an  almost  constant  feature  of  eruptive  contacts,  resulting 
from  the  detaching  of  material  from  the  containing  walls.  The  fre- 
quent angular  character  of  these  blocks  is  due  to  their  imperfect 
assimilation  by  the  fused  basic  magma,  in  which  they  have  been 
flonted  off. 
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These  are  some  of  the  main  points  which  may  be  urged  in  sup- 
port of  the  hypothesis  of  magmatic  ditterentiation,  as  explanatory 
of  the  origin  of  these  Sudbury  ore  deposits.  Many  of  them  are  not 
new,  and  have  been  stated  in  more  detail  by  Vogt,  Adams,  Kemp  and 
others.  They  are  introduced,  in  the  present  instance,  as  the  trend  of 
some  of  the  more  recent  examinations  seeks  to  ignore  the  full  signifi- 
cance of  the  intimate  genetic  relationship  which  exists  between  the 
norite  and  the  ore  bodies,  affirming  that  secondary  causes  or  replace- 
ment are  alone  and  directly  responsible  for  the  present  position  and 
dimensions  of  these  deposits. 

Vogt,  (*)  in  his  classification  of  eruptive  ore  deposits,  divides 
them  into  two  chief  groups.  1.  Deposits  formed  by  'magmatic 
differentiation';  that  is  by  the  concentration  of  some  metallic  parts 
within  the  still  fluid  eruptive  magma.  2.  Deposits  formed  by  pro- 
cesses subsequent  to  the  eruption  or  '  after  actions/  as  they  have  been 
sometimes  called; — that  is  by  pneumatolysis,  fumarole  action,  hydro- 
thermal  agents  and  the  like,  directly  consequent  on  the  eruption. 

The  trend  of  modern  geological  investigation  seems  to  emphasize, 
more  and  more,  the  fact  that  no  really  sharp  division  exists,  as  indi- 
cated by  Vogt's  sub-divisions,  but  that  processes,  which  at  the  two 
extremes  are  manifestly  very  widely  divergent  in  their  effects,  are  so 
intimately  associated  in  time  and  manner  of  operation  in  nature, 
that  the  resultant  product  cannot,  with  any  degree  of  propriety,  be 
attributed  wholly  to  either  group  of  processes. 

Thus,  although  the  researches  of  M.  Fouque  and  Michel-Levy 
have  clearly  shown  that  diabase  and  kindred  basic  eruptive  rocks  may 
be  artificially  reproduced  from  a  simple  state  of  dry  fusion,  it  is 
equally  certain  that  no  extended  intrusive  process,  produced  by 
natural  causes,  is  ever  unaccompanied  by  a  greater  or  less  abundance 
of  superheated  waters  and  vapours,  as  an  integral  portion  of  the 
fused  mass.  As  a  general  rule  these  heated  solutions  are  relatively 
much  more  abundant  in  the  case  of  the  acidic  magmas  than  those  of 
more  basic  composition.  It  is  thus  obvious  that  all  igneous  action  i« 
both  accompanied  and,  in  a  more  extended  manner,  immediately  fol- 
lowed by  more  or  less  pronounced  vein  or  pneumatolytic  action  (sec- 
ondary causes)  and  certain  rocks  and  mineral  occurrences  may  be 
representative  of  the  various  transitions  between  what  has  been  termed 
aqueo-igneous  fusion  and  igneo-aqueous  solution.  The  abnormally 
large  amount  of  original  or  primary  quartz,  so  uniformly  distributed 
throughout  the  Sudbury  norite  or  gabbro,  has  been  repeatedly  men- 
tioned and  commented  upon  by  the  various  geologists  who  have 

(1)  Zeit  fflr  Prak.  Oeol.  1893.  pp.  4-11;    125-143;   257-284;   also  1895,  pp. 
145-156;  367-370;  444-459;  465-484. 
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examined  these  rocks  in  detail  under  the  microscope.  It  thus  natur- 
ally follows  that  the  agencies  grouped  together  under  the  name  of 
secondary  action  would  be  much  more  actively  effective  in  connex- 
ion with  the  ore  bodies  and  other  segregations  resulting  from  the 
eruption  of  such  a  rock,  than  with  the  ordinarily  less  quartzose  or 
basic  varieties  of  such  rocks.  The  manner  of  formation  of  these  ore 
bodies,  as  thus  indicated,  is  much  more  complex  than  was  at  first  sup- 
posed. There  can  be  no  doubt,  however,  that  much  of  the  sulphide 
material  was  introduced  simultaneously,  as  an  integral  portion  of  the 
same  magma,  along  with  the  other  minerals  of  which  the  norite  or 
hypersthene-gabbro  is  composed.  There  can,  moreover,  be  little  doubt 
of  the  abundant  presence  of  heated  solutions  and  vapours  which  were 
capable  of  dissolving  out,  and,  under  certain  conditions,  of  redeposit- 
ing  these  sulphid-  s.  Such  agencies  certainly  began  their  work  before 
the  whole  magma  had  cooled,  bearing  their  heavy  burdens  of  sulphide 
material,  most  of  which  was  obtained  from  the  magma  in  the  imme- 
diate vicinity,  to  occupy  the  various  cavities  and  fissures  as  fast  as 
these  were  formed.  'Jpie  whole  of  this  action  was  practically  completed 
before  the  intrusion  of  the  later  dikes  of  the  oli vine-diabase  which 
are  now  regarded  by  the  writer  as  the  end  product  of  the  vulcani9ra 
to  which  the  norite  masses  owe  their  intrusion.  In  certain  of  the 
deposits  the  various  hydrochemical  agencies  accompanying  dynamic 
actior.  have  been  more  active  than  in  others,  as  at  the  Victoria  mine, 
and  some  of  the  Copper  Cliff  mines,  but  in  other*.,  as  for  instance 
the  Creighton  mine,  magmatic  differentiation  has  been  the  main  and 
almost  sole  principle,  determining  and  favouring  the  development  of 
this  the  largest  and  richest  sulphide  nickel  mine  in  the  world.  The 
enunciation,  in  the  first  place,  of  the  simple  doctrine  of  the  direct 
igneous  origin  of  these  ore.  bodies  and  their  intimate  relationship  in 
this  respect  to  certain  bands  of  norite  or  dioritc,  served  an  excellent 
practical  purpose  in  directing  and  controlling  all  the  earlier  prospect- 
ing work. 

After  all,  however,  the  origin  of  these  ore  deposits  is  largely  a 
matter  of  theory  and  opinion,  and  strong  arguments  may  be  adduced 
in  support  either  of  the  view  that  they  are  the  direct  result  of  mag- 
matic segregation,  or  that  the  sulphides  were  brought  up  in  a  state  of 
soh^ion  from  considerable  depths,  to  replace  certain  portions  of  the 
rock,  or  to  fill  up  spaces  caused  by  structural  weakness.  The  real 
practical  side  of  the  geological  investigation  consisted  in  the  out- 
lining of  the  immensa  masses  of  intrusive  norite  or  gabbro,  with 
which  the  nickel  and  copper  deposits  of  the  region  are  alone  assoc- 
iated. 
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MAGNETIC  SEPARATION  OP  NICKELIFEROUS  PYRRHOTITE. 

The  application  of  magnetism,  either  to  free  the  pyrrhotite  from 
impurities  with  which  it  is  so  frequently  intermixed,  in  order  to 
obtain  a  homeogeueous  and  pure  product  for  analytical  purposes,  as 
well  as  to  effect  a  separation  of  the  nickel  present  in  the  pyrrb>tite 
ores,  is  by  no  means  a  novel  idea,  and  many  experiments  have  already 
been  undertaken  with  this  end  in  view.  In  1879  Habermchl 
succeeded  in  dividing  the  Bodenmais  pyrrhotite  into  magneti '  and 
non-magnetic  portions  respectively,  using  fine  powder  suspended  in 
water  by  a  strong  magnet.  The  magnetic  portion  thus  separated  by 
successive  trials  furnished  a  product  which  was  so  homogeneous  and 
uniform  that  ten  out  of  fourteen  of  the  determinations  for  iron  con- 
tent were  essentially  identical. 

In  1890,  T.  J.  McTighe  (*)  applied  magnetic  separation  in  the 
treatment  of  the  nickeliferous  pyrrhotite  of  Canada. 

In  July,  1892,  Mr.  Thomas  A.  Edison,  in  applying  for  a  United 
States  patent  » ml >o< lying  the  same  principle,  gave  the  following  ex- 
planation in  support  of  his  claim : — *  I  have  discovered  that  when 
magnetic  pyrites,  called  "pyrrhotite"  is  nickeliferous,  as  it  usually 
is  to  a  more  or  less  extent,  the  nickel  is  distributed  generally 
throughout  the  whole  body  of  the  pyrrhotite,  but  certain  crystals  are 
pure  pyrrhotite  or  magnetic  pyrites,  while  other  crystals  have  some 
of  the  iron  replaced  by  nickel  and  sometimes  by  cobalt,  and  that  the 
crystals  containing  the  nickel  or  cobalt  are  considerably  less  magne- 
tic than  the  pure  pyrrhotite/ 

In  the  same  year  (1892),  Dr.  S.  H.  Emmons  (2)  carried  on  certain 
magnetic  experiments  on  material  obtained  from  the  Gap  mine, 
Penna.,  and  Sudbury,  Ont.  These  were  undertaken  not  only  for  the 
purpose  of  testing  the  accuracy,  or  otherwise,  of  the  theory  of  the  re- 
placement of  a  portion  of  the  iron  by  nickel  in  pyrrhotite,  but  also 
to  arrive  at  a  more  accurate  expression  of  the  composition  of  pyrrho- 
tite, by  means  of  a  formula.  The  practical  side  of  the  question  was 
not  ignored,  and  a  statement  of  the  relative  abundance  of  the  separ- 
ated portions  is  given,  with  their  respective  contents  of  nickel. 

Dr.  Emmons  mentions  that  he  obtained  his  material  from  a  mine 
near  Sudbury,  but  does  not  specify  the  precise  locality.  He  also  neg- 
lects to  give  the  necessary  details  of  the  composition  of  the  ore 
selected,  except  that  the  gangue  formed  10-7  per  cent  of  the  whole. 
In  regard  to  the  preparation  of  the  material  for  purposes  of  separa- 

(1)  Ann.  Rep.  Bur.  of  Mines,  Ont.,  1892,  p.  164;  also  Jour.  Am.  Chetn.  8oc. 
Vol.  XIV.,  No.  10. 

(2)  Ann.  Rep.  of  Mines,  Ont.,  1892,  pp.  163-166;  also  Jour.  Am.  Cnem.  Soc.. 
Vol.  XIV.,  No.  10. 
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tion,  he  states  that  the  sample  was  very  finely  powdered  and  card- 
fully  separated  by  meanB  of  a  magnet  into  three  grades,  namely, 
'magnetic,'  'feebly  magnetic'  and  'non-magnetic.'  The  magnetic 
and  non-magnetic  grades  were  then  submitted  to  analysis,  resulting 
as  follows,  after  deduction  of  gangue. 
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A  short  time  after,  (1893)  David  H.  Browne  (')  contributed  the 
most  valuable  article  on  the  question  of  the  magnetic  separation  of 
these  ores  which  had  yet  appeared,  showing  the  existence  of  a  rich 
nickel-iron-sulphide,  almost  identical  in  chemical  composition  with 
pentlandite,  which  formed  the  non-magnetic  portion  of  the  separa- 
tion. In  the  same  article  Mr.  Browne  questions  not  only  the  validity 
of  Dr.  Emmons'  conclusions,  as  '  hasty  generalizations  from  insuffi- 
cient premises,'  but  points  out  that '  he  has  never  yet  found  the  non- 
magnetic residue  of  the  analysis  given  by  Dr.  Emmons.' 

The  material  selected  for  experimental  purposes  by  Mr.  Browne 
consisted  of  carefully  hand-picked  nickeliferous  pyrrhotite  from  the 
Copper  Cliff,  Stobie  and  Evans  mines,  altogether  free  from  gangue, 
and  with  no  copper,  or,  at  the  most,  only  traces  of  this  metal.  He 
mentions  that  the  samples  were  crushed  to  pass  a  sixty-mesh  sieve,  ex- 
periment having  shown  that  a  very  fine  powder  did  not  yield  such 
perfect  separations.  The  following  tables  show,  in  brief  form,  the 
results  obtained : — 
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(1)  '  Engineering  and  Mining  Journal/  Dec  2,  18M.  page  5S6. 
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EVANS  MINE,  PICKED  NICKEL  ORE. 
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In  1900,  Mr.  J.  N.  J  udson,  of  the  Wetherill  Separating  Company, 
carried  on  an  extensive  series  of  experiments,  an  abstract  of  the 
results  accompanying  Mr.  C.  W.  Dickson's  paper  on  '  The  Ore  De- 
posits of  Sudbury,  Ontario.'  0)  The  material  experimented  with 
consisted  of  nearly  pure  pyrrhotite  from  Copper  Cliff,  containing  by 
analysis  nickel  314,  copper  0-42,  iron  49-78  per  cent.  The  results 
showed  that  with  a  current  strength  of  one  ampere,  on  material 
crushed  to  thirty-mesh,  90-11  per  cent  of  the  total  sample  was  mag- 
netic, and  this  contained  2  -46  per  cent  of  nickel,  or  the  equivalent  of 
70-58  per  cent  of  the  total  nickel  in  the  original  pyrrhotite,  and  0-22 
per  cent  copper,  or  the  equivalent  of  47  -48  per  cent  of  the  total  amount 
of  thia  metal  in  the  original  sample.  The  remaining,  non-magnetic 
portion,  forming  9-89  per  cent  of  the  total  sample,  contained  9-33 
par  cent  nickel  and  2-21  per  cent  copper,  or  29-42  per  cent  and  52  -52 
per  cent  of  the  total  of  these  metals,  respectively,  in  the  original 
sample.  The  other  trials,  with  samples  of  the  same  material,  crushed  to 
pass  a  sixty-mesh  at  J  ampere,  showed  86-22  per  cent  was  magnetic 
and  contained  1-92  per  cent  of  nickel.  The  remaining  13-78  per  cent, 
or  non-magnetic  portion,  was  a  comparatively  rich  nickel  ore,  but  he 
losses  in  the  magnetic  portion  were  so  groat  that  Mr.Judsou  con- 
cluded that  a  commercial  separation,  by  means  of  magnetism,  was 
out  of  the  question. 

During  the  winter  sessions  of  1901-1902,  and  1902-1903,  Mr.  C 
W.  Dickson,  a  post-graduate  student  at  Columbia  University,  carried 
f>n  a  series  of  experiments,  by  means  of  mngnotism,  in  order  to  deter- 
mine, as  near  as  possible,  how  much  of  the  nickel  occurs  as  a  separ- 
ate mineral,  and  how  much,  if  any,  replaces  iron,  and  also  to  ascer- 
tain the  composition  of  the  nickel  mineral. 

A  number  of  representative  samples  of  pyrrhotite  were  ground  to 
through  a  100-mesh,  and  the  non-magnetic  portion  was  removed, 


(1)  Trans.  Amer.  Inst.  Min.  Eng.  (Albany  Meeting),  1903. 
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of  completely  as  possible,  by  repeated  treatments  with  a  small  horse- 
shoe magnet.  The  nickel  present  in  the  original  samples  is  given 
under  I,  and  that  of  the  magnetic  concentrates  under  IL 

In  the  second  treatment  the  original  samples  were  coarsely 
crushed  and  the  magnetic  portion  was  seized  between  forty  and  sixty- 
mesh,  then  freed,  as  well  as  possible,  from  non-magnetic  material, 
crushed  between  sixty  and  eighty-meeh,  and  again  concentrated.  By 
successive  treatments  the  mineral  was  finally  reduced  to  fine  powder. 
The  ultimate  product  was  then  assayed  for  nickel,  and  as  shown  under 
III,  the  nickel  was  much  reduced  in  quality,  but  not  entirely  elimin- 
ated. 

In  the  third  experiment,  to  see  if  it  was  possible  to  still  further 
reduce  the  nickel  contents,  a  number  of  samples  were  very  carefully 
prepared.  They  were  coarsely  crushed,  and  the  purest  mineral 
selected. 

This  was  crushed  to  pass  through  ten  on  twenty-mesh,  and  the 
finest  material  rejected.  All  the  non-magnetic  portion  was  eliminated, 
and  the  concentrate  was  then  crushed  to  twenty  on  forty-mesh,  the 
inner  part  being  again  rejected.  The  operations  were  repeated  until 
the  ore  was  finally  removed  each  time.  The  nickel  in  the  final  con- 
centrate is  given  under  IV. 
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As  stated  by  Mr.  Dickson  the  results  show  in  the  most  conclusive 
manner  that  even  in  the  lower  grades  of  pyrrhotite  the  nickel  is  not 
present,  as  replacing  part  of  the  iron  in  the  pyrrhotite,  but  exists  as  a 
separate  mineral.  The  fact  that  all  the  nickel  could  not  be  elimin- 
ated by  the  methods  used  did  not  indicate  that  even  the  small  am- 
ount that  remained  was  an  essential  part  of  the  pyrrhotite,  as  several 
factors  entered  which  rendered  its  complete  removal  practically 
impossible.  In  the  first  place  the  niqkel  mineral  is  very  intimately 
associated  with  the  magnetic  pyrrhotite,  and  even  a  minute  adhering 
fragment  of  the  latter  will  cause  it  to  be  carried  over  with  the  mag- 
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netic  portion.  It  must  also  be  noted  that  the  nickel  mineral  itself 
is,  slightly  magnetic,  and  in  the  form  of  a  fine  powder  is  attracted  by 
even  a  small  magnet. 

The  magnetic  experiments  in  connexion  with  the  present  work 
were  carried  on  by  Mr.  W.  M.  Ogilvie,  B.A.  Sc.,  by  means  of  a 
etherili  magnetic  separator  of  the  ordinary  type,  in  the  mining 
laboratories  of  McGill  University,  the  authorities,  with  the  recom- 
mendation and  approval  of  Dr.  J.  B.  Porter,  having  kindly  placed  the 
machine  at  the  disposal  of  the  writer  for  a  considerable  period  during 
the  winter  of  1901-1902.  The  samples  selected  consisted  of  the  richer 
grades  of  ore  in  use  at  the  different  mines.  Such  samples  were  ob- 
tained from  the  Creighton,  Victoria,  Cryderman  and  Mount  Nickel 
mines,  the  Tough  and  Stobie  property,  in  Levack  township,  and  the 
Cochrane  property,  near  Blue  lake,  on  the  Northern  Nickel  range. 
It  is  to  be  regretted  that  the  chemical  analyses  couid  not  be  under- 
taken while  the  experiments  were  in  progress,  as  otherwise  much  more 
important  results  could  have  been  obtained.  The  voltage  of  the 
current  employed  was  110,  and  the  strength  of  the  current  was  varied 
according  to  the  magnetic  permeability  of  the  different  samples. 
The  least  magnetic  of  the  material  was  that  obtained  from  the 
Creighton  mine,  and  with  such  material  a  current  as  high  as  15  am- 
peres was  employed,  while  the  pyrrhotite  from  the  Cochrane  property, 
on  the  Northern  Nickel  range,  was  so  strongly  magnetic  that  much 
weaker  currents  had  to  be  used,  the  greatest  reaching  a  strength  of 
only  1-5  amperes. 

In  the  case  of  the  Creighton  mine  the  original  sample  weighing 
thirty-six  pounds  was  divided  into  two  products,  according  to  the  size 
of  grain  obtained  by  crushing.  The  first  product  was  obtained  by 
passing  the  powdered  mineral  through  a  forty-mesh  sieve,  and  catch- 
ing it  on  a  100-mesh  sieve,  this  part  weighing  twenty-one  pounds.  The 
second  product,  fifteen  pounds,  was  made  up  of  the  finer  material 
which  passed  through  the  100-mesh  sieve.  The  coarser  phase  of  the 
original  sample  gave  the  following  analysis:  Insoluble,  2*28;  copper, 
0-72;  nickel,  5-31,  and  sulphur,  34-28  per  cent.  The  composition  of 
the  finer  material  was:  Insoluble,  2-49;  copper,  1-20;  nickel,  4-87, 
and  sulphur,  34-67.  Each  of  these  two  original  samples  was  divided 
into  three  equal  portions,  and  subjected  to  magnetic  currents  of  J -5, 
3  *8  and  15  amperes  respectively.  By  means  of  the  magnetic  current 
each  of  these  three  portions  was  again  subdivided  into  three  grades, 
which  may  be  designated  as  '  magnetic,'  '  feebly  magnetic '  and  '  non- 
magnetic.' The  coarser  material  showed  that  the  magnetic  portion 
varied  from  86-3  to  90-2  per  cent  of  the  whole  sample,  with  a  loss  of 
2-4  to  9-7  per  cent  in  handling,  which  loss,  however,  could  be  over- 
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come,  while  the  feebly  magnetic  portion  contained  from  4-2  to  8-6  per 
cent,  and  the  non-magnetic  from  1-2  to  2-7  percent  In  the  finer  mate- 
rial the  magnetic  portions  varied  from  74-6  to  78-3  per  cent,  the  feebly 
magnetic  from  2-3  to  10-9  per  cent,  while  the  non- magnetic  varied 
from  4-1  to  8  per  cent.  The  loss  in  the  case  of  the  fines  was  very 
great,  owing  to  the  dust  adhering  to  the  belts,  the  percentages  of  such 
loss  varying  from  9-2  to  11-4  per  cent.  Assays  of  all  the  separate 
products  from  the  Creighton  mine  were  made  by  Mr.  Donald  Locke, 
who  for  a  short  time  was  attached  to  this  Department  as  assayer  and 
metallurgist,  but  certain  unexplained  discrepancies  in  the  results  will 
prevent,  at  present,  the  publication  of  all  the  details  of  the  chemical 
investigation.  In  this  connexion,  however,  it  may  be  sufficient  to 
state  that  a  very  rich  nickel  ore  was  always  obtained,  the  greater  part 
of  which  was  contained  in  the  feebly  magnetic  portion,  although  a 
small  proportion  was  carried  over  into  the  tailings  or  non-magnetic 
portion.  The  loss,  however,  in  the  magnetic  portion,  amounting  to 
from  40  to  over  50  per  cent  of  the  total  nickel  present  in  the  original 
ore,  was  too  serious  to  be  disregarded.  In  addition  to  the  nickel 
present  the  magnetic  part  also  contained  from  28  to  48  per  cent  of 
the  total  amount  of  copper  present  in  the  original  ore,  while  from 
16  to  18  per  cent  is  contained  in  the  feebly  magnetic  part,  and  the 
remainder  is  carried  over  with  a  large  proportion  of  the  gangue  into 
the  non-magnetic  residue,  which  is  really  a  very  rich  copper  concen- 
trate, some  of  the  assays  showing  as  high  as  28-38  per  cent  of  this 
metal.  The  proportion  of  gangue  present  in  the  non-magnetic  resi- 
due generally  amounts  to  about  one-third  of  the  total  product. 

The  best  separation  is  effected  on  the  fine  material,  although  the 
presence  of  dust  must  be  avoided,  as  this  clings  to  and  fouls  the 
belts.  The  stronger  the  current  the  greater  the  proportion  of  nickel 
remaining  in  the  magnetic  portion,  while,  at  the  same  time,  although 
the  total  amount  of  nickel  present  in  the  feebly  and  non-magnetic 
portions  is  less,  the  assay  value  of  such  products  is  much  higher,  and 
some  of  these,  which  were  examined  in  detail,  consisted  almost  wholly 
of  pentlandite,  with  intermixed  chalcopyrite.  Thus,  the  feebly  mag- 
netic product  of  the  fine  material,  obtained  by  using  a  current  of  3-9 
amperes  with  only  one  trial,  showed,  on  analysis,  the  following  com- 
position: Insoluble,  5-81;  copper,  1-52;  iron,  30*41;  nickel,  30-01, 
and  sulphur,  33  -56  per  cent.  Knowing  the  composition  of  the  pent- 
landite and  chalcopyrite,  and  distributing  the  above  constituents  in 
their  proper  proportions  in  these  materials,  we  find  that  this  product 
consists  of  chalcopyrite  and  pentlandite  in  the  ratio  of  1 : 21.  In  the 
same  way  the  non-magnetic  product  obtained  by  using  a  current  of 
1-5  amperes  on  this  fine  material  and  from  which  most  of  the  gangue 
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had  been  removed  by  means  of  hydraulic  separation,  showed,  by 
analysis,  the  following  composition:  Insoluble,  2-66;  copper,  3-58; 
iron,  30  01;  nickel,  30-36,  and  sulphur,  33-77  per  cent.  This  pro- 
duct is  made  up  of  chalcopyrite  and  pentlandite  in  the  proportion  of 
1:7. 

In  the  Victoria  mine's  separation  the  ore  was  much  more  strongly 
magnetic,  and  the  currents  employed  were  only  0-2  and  1-5  amperes. 
The  magnetic  portion  varied  from  86-4  to  90-6  per  cent  on  the 
coarser  material,  while  with  the  fine  material,  using  a  current  of  0-2 
and  1-2  amperes,  the  magnetic  part  varied  from  71-4  to  86-7  percent. 
The  feebly  magnetic  part  never  exceeded  2-1  per  cent,  and  in  one 
case  was  as  low  as  0-5  per  cent.  No  assays  of  these  products,  however, 
have  been  made,  as  the  results  obtained  in  the  case  of  the  Creighton 
mine,  although  of  great  scientific  and  practical  interest,  demonstrated 
rather  clearly  that  under  present  conditions  an  economic  and  com- 
mercial separation  of  these  ores  is  out  of  the  question. 

The  Cryderman  mine  ore  is  also  more  magnetic  than  the  Creigh- 
ton, although  lees  so  than  the  Victoria.  The  original  sample  on  which 
the  experiment  was  conducted  weighed  thirty  pounds.  This  was  divided 
into  two  portions,  according  to  size,  one  portion  consisting  of  crushed 
ore  which  passed  through  a  forty-mesh  and  was  caught  on  a  100-mesh 
sieve,  and  finer  material  consisting  of  ore  which  passed  through  the 
300- mesh  sieve.  The  currents  used  had  a  strength  of  0  2,  3  5  and  4 
amperes  respectively.  The  magnetic  portion  of  the  coarser  product 
varied  from  75  to  85-6  per  cent,  the  feeble  magnetic  from  2  to  7-7 
per  cent  and  the  non-magnetic  from  1-9  to  2-3  per  cent.  There  was 
no  loss  using  the  0-2  and  1-5  amperes  current,  but  with  the  4  amperes 
current  the  loss  was  4-8  per  cent.  With  the  finer  material  the  mag- 
netic part  varied  from  65-6  to  71-8  per  cent,  although  the  loss  of  10-9 
per  cent  belongs  very  largely  to  the  first  mentioned  amount.  The 
feebly  magnetic  part  varied  from  1-6  per  cent  to  17-2  per  cent,  the 
latter  amount  being  obtained  with  the  4  amperes  current,  while  the 
non-magnetic  varied  from  6-3  to  28-1  per  cent 

The  magnetic  separation  of  the  ore  from  the  Nickel  Mountain 
mine  was  effected  by  using  currents  having  a  strength  of  1-5,  3-8 
and  13-5  amperes  respectively.  The  original  sample  weighed  sixty- 
three  pounds.  The  magnetic  part  of  the  coarser  product  (through 
forty -mesh  on  100-mesh)  varied  from  91-2  to  92-5  per  cent  with  losses 
of  0-9  and  2-5  per  cent  respectively,  the  feebly  magnetic  from  4-1  to 
4-4  per  cent,  and  the  non-magnetic  from  1-2  to  3-8  per  cent.  The  losses 
varied  from  4  to  5-7  per  cent,  and  are  accounted  for  by  the  fact  that 
the  fine  material  has  a  great  tendency  to  stick  to  the  belts.  Also  the 
cross  belts  were  given  their  maximum  velocity  to  effect  the  beat  sepa  - 
ration. 
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The  original  sample  from  the  Levack  property  (Tough  and 
Stobie's),  weighing  twenty-four  pounds,  was  crushed  in  the  same  way 
as  the  above,  and  the  magnetic  currents  used  had  a  strength  respec- 
tively of  0-2,  1-5  and  3-8  amperes.  The  magnetic  portion  varied  from 
92-5  to  96-3  per  cent,  with  losses  belonging  chiefly  to  this  part  of  1-9 
to  2 :5  per  cent,  the  feebly  magnetic  from  1  '3  to  3 :8  per  cent  and  the 
non-magnetic  from  1-3  to  2-5  per  cent.  With  the  fine  product,  the 
magnetic  portion  varied  from  91-6  to  93-8,  with  a  loss  in  one  in- 
stance of  1-9  per  cent,  the  feebly  magnetic  from  11  to  2  1  per  cent, 
and  the  non-magnetic  from  5-2  to  6-3  per  cent. 

The  pyrrhotite  from  the  Cochrane  property  on  the  Northern 
Nickel  range  is  very  strongly  magnetic,  and  the  current  used  had  a 
strength  of  0-2  and  1-5  amperes.  The  magnetic  portion  of  the  coarser 
product  varied  from  85-3  to  89  per  cent,  with  a  loss  of  1-4  to  2-8  per 
cent,  the  feebly  magnetic  1  to  4-8  per  cent,  and  the  non-magnetic 
from  4-8  to  10-9  per  cent.  With  the  finer  material  the  magnetic 
portion  varied  from  77-7  to  83  per  cent,  the  feebly  magnetic  from 
0-8  to  41  per  cent  and  the  non-magnetic  from  15-2  to  18-2  per  cent. 

The  various  factors  which  enter  into  the  construction  of  the 
Wetherill  magnetic  separator  suggested,  at  the  outset,  that  by  its 
employment  it  mignt  be  possible  to  accomplish  a  separation  on  a  com- 
mercial basis,  which,  at  the  same  time,  would  be  much  more  thorough 
and  complete  than  any  previously  recorded  attempts,  making  use  of 
different  types  of  hand  magnets.  Thus,  it  was  possible  on  this  machine 
not  only  to  vary  at  will  the  strength  of  the  magnetic  current  to  be 
used,  but  also  to  make  any  required  adjustment  in  the  distance 
between  the  two  magnets,  while,  at  the  same  time,  the  speed  of  the 
belts  was  under  complete  control.  With  these  refinements  or  aids  to 
efficient  separation  it  was  hoped  to  make  such  a  thorough  division  of 
the  products  that  the  nickel  present  in  the  magnetic  portion  would 
constitute  so  small  a  proportion  of  the  whole  as  to  render  this  pro- 
duct of  no  commercial  value,  and  thus,  at  one  simple  operation,  get 
rid  of  about  80  per  cent  of  practically  barren  ore.  At  the  same  time, 
it  was  believed  that  the  feebly  and  non-magnetic  portions  would  con- 
tain by  far  the  larger  proportion  of  both  the  nickel  and  copper. 

The  preliminary  trials  of  the  Greighton  mine  ore  and  assays  of 
the  separated  products  were  disappointing,  as  they  showed  most 
conclusively  that  an  efficient  and  economical  separation  by  this 
method  was  impossible.  It  was,  therefore,  considered  unwise  to  an- 
alyze the  products  from  the  other  mines,  although  the  main  facts  in 
connexion  with  these  separations  have  been  mentioned. 

About  the  same  time  Mr.  C.  W.  Dickson  published  the  results 
of  his  magnetic  experiments,  which  gave  further  emphasis  to  this 
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conclusion.  Mr.  Dickson's  final  utterance  on  this  subject,  published 
in  1903,  also  contained  a  summary  of  Mr.  J.  N.  Judson's  results,  to 
which  reference  has  already  been  made,  all  tending  to  show  that  the 
removal  on  a  commercial  scale  of  the  nickel  from  the  pyrrhotite,  by 
magnetic  methods,  is,  in  the  light  of  our  present  experience,  an  im- 
possibility. On  the  other  hand,  the  fact  that  all  of  tho  nickel  cannot 
bo  eliminated  from  the  pyrrhotite  does  not  prove  that  even  the  portion 
remaining  occurs  as  a  replacement  of  an  equal  amount  of  iron  in 
chemical  combination.  Examination  under  the  microscope  reveals 
the  fact  that  even  the  smallest  grains  of  sulphide  material  arc  often 
made  up  of  intricate  intergrowths  of  chalcopyrite  and  pyTrhotite, 
which  minerals,  moreover,  can  be  distinguished  from  one  another  bv 
the  use  of  reflected  light.  Such  an  intimate  relationship,  doubtless, 
obtains  in  the  case  of  the  pyrrhotite  and  pentlandite,  although  this 
could  not  be  proved,  as  these  minerals  cannot  be  separately  recognized 
under  the  microscope.  In  addition,  a  large  proportion  at  least  of  the 
pentlandite  is  itself  feebly  magnetic,  and  this  is  apt  to  remain  with 
the  pyrrhotite. 

The  difliculty  of  obtaining  an  absolutely  pure  product,  even  of 
minerals  of  widely  different  magnetic  permeability,  is  well  known  to 
all  who  have  carried  on  experiments  in  magnetic  separation,  so  that 
it  is  not  surprising  that  the  magnetic  portion  of  the  separated  sul- 
phide always  contains  an  appreciable  amount  of  nickel.  In  the  light 
of  our  present  experience  it  is  safe  to  say  that  the  nickel  is  doubtless 
present  as  very  minute  grains  of  pentlandite  embedded  in  or  adhor- 
ing  to  the  grains  of  pyrrhotite.  The  fact  that  material  originally 
containing  5-31  per  cent  of  nickel,  with  the  application  of  a  current 
of  1  *5  amperes  on  material  crushed  to  pass  only  through  a  forty-mesh 
sieve  can,  at  one  operation,  be  separated  into  a  magnetic  product 
containing  only  1-48  per  cent  of  nickel,  while  this,  in  turn,  by  succes- 
sive grinding  and  magnetic  treatment  can  be  ultimately  forced  to  give 
a  product  which  contains  less  than  0-50  per  cent  of  nickel,  is  in  itself 
sufficient  evidence  for  regarding  all  the  niek».l  in  these  Sudbury  ores 
as  occurring  in  the  form  of  a  distinct  sulphide,  chiefly  pentlandite. 
With  all  of  the  foregoing  results  w»-.  may  well  pause  and  repeat  with 
Dickson  the  question,  '  Is  there  such  a  thing  ns  a  true  nickeliferous 
pyrrhotite  ?'  and  we  might  even  extend  it  and  ask,  is  there  such  a  thing 
as  a  true  nickeliferous  pyrite?  The  matter  is  still  open  for  further 
investigation,  although  at  the  present  stage  the  onus  probandi  rests 
with  those  chemists  and  mineralogists  who  are  still  wedded  to  the  old 
idea.  A  most  convincing  proof  might  be  possible,  by  repeated  mag- 
netic treatment  of  some  of  the  masses  of  pyrrhotite  occurring  in 
central  Ontario,  which  are  known  to  contain  from  0  05  to  0-23  per 
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cent  of  nickel.  Any  enrichment  of  the  feebly  magnetic  or  non-mag- 
netic product  obtained  from  the  separation  of  such  material  would  no 
doubt  furnish  the  most  ample  proof,  which  even  the  most  skeptical 
would  be  forced  to  accept. 

LOCATION  OF  PYRRHOTITE  DEPOSITS  BY   MAONETOMETBIC  MEASUREMENTS. 

The  magnetic  permeability  of  pyrrhotite  early  suggested  the  em- 
ployment of  magnetic  instruments  to  determine  the  location  of 
valuable  deposits  of  this  nickel  bearing  sulphide  in  the  Sudbury  dis- 
trict. All  the  earlier  measurements,  however,  were  made  by  means  of 
the  ordinary  dip-needle,  and  the  observers  were  content  to  obtain  such 
data  as  would  enable  them  to  form  a  rough  judgment  of  the  approxi- 
mate area  underlaid  by  rock  containing  more  or  less  of  the  magnetic 
pyrrhotite,  although  this  mineral  might  be  so  sparsely  disseminated 
as  to  be  of  no  economic  importance. 

In  1901,  however,  it  was  decided  by  the  Mond  Nickel  Company 
to  inaugurate  a  more  extensive  and  elaborate  system  of  magnetic 
surveying,  not  only  in  examining  the  properties  they  had  already 
purchased,  but  also  in  determining  the  probable  value  of  other  nickel 
properties  which  were  known  to  be  in  the  market.  It  was  realized 
that  such  delicate  instruments  as  the  Thalen-Tiberg  magnetometer, 
in  the  hands  of  experts  who  had  been  trained  in  the  Swedish  methods, 
would  yield  data  in  regard  to  the  location  and  extent  of  workable  de- 
posits of  pyrrhotite  which  would  enable  a  very  close  estimate  to  be 
formed  of  their  commercial  value.  Early  in  the  spring  of  1901, 
Messrs.  Karl  K6jer  and  Erik  Nystrom,  mining  engineers  of  Stock- 
holm, Sweden,  and  pupils  of  the  well  known  Professor  Nordenstrom, 
were  engaged.  Mr.  Kojer  only  stayed  about  a  month,  but  Mr. 
Nystrom  was  employed  for  the  greater  portions  of  the  two  seasons 
of  1901  and  1902  in  mnking  detailed  magnetic  surveys  of  various  min- 
ing locations  and  mines  in  this  district.  Most  of  the  lots  in  the 
vicinity  of  the  main  shaft  of  the  Victoria  mines  were  thus  minutely 
examined,  and  later  other  properties  such  as  the  Murray,  Lady  Violet, 
Mount  Nickel,  Beatrice  and  Cryderman  mines  were  also  similarly 
treated.  A  magnetic  survey  was  also  made  of  the  Cochrane  property 
on  the  Northern  Nickel  range.  It  is  impossible  to  get  the  details  of 
the  results  of  this  work,  as  the  maps  which  were  prepared  with  great 
care  are  the  property  of  the  Mond  Nickel  Company,  the  information 
being  regarded  as  of  a  confidential  nature. 

The  value  of  such  work,  however,  when  properly  undertaken,  is 
beyond  all  doubt,  although  considerably  more  care  and  expense  is 
necessary  than  is  the  case  with  magnetite.    Speaking  roughly,  the 
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magnetic  permeability  of  magnetite  is  about  fire  times  as  great  as 
pyrrhotite,  although  this  latter  mineral  varies  very  greatly  in  this 
respect.  It  is,  therefore,  imperative,  that  the  lines  along  which  the 
magnetic  observations  are  made  should  be  correspondingly  closer  to- 
gether. In  most  of  the  detailed  work  undertaken  by  the  Mond  Nickel 
Company  these  lines  were  only  separated  by  intervals  of  twenty  feet, 
while  in  some  special  cases,  where  fuller  information  was  desired  or 
necessary,  a  distance  of  only  ten  feet  intervened  between  the  various 
observation  stations.  For  some  time,  commencing  in  1902,  Mr. 
Thomas  A.  Edison  carried  on  rather  extensive  magnetic  sun-eying  in 
the  area  between  Sudbury  and  Wanapitei  lake,  with  a  view  of  dis- 
covering new  deposits  of  nickel  ore.  The  efforts  of  the  several  parties 
engaged  in  this  work  are  stated  to  have  met  with  a  considerable  de- 
gree of  success,  as  on  the  strength  of  the  information  obtained  various 
mining  locations  were  applied  for.  Messrs.  J.  A.  Robert  and  G.  F. 
Kay  have  also  conducted  magnetic  surveys  under  the  auspices  of  the 
Lake  Superior  Power  Company.  The  publication  of  Dr.  Haanel's 
report  (*)  '  On  the  Location  and  Examination  of  Magnetic  Ore  De- 
posits by  Magnetometric  Measurements '  should  stimulate  this  method 
of  inquiry,  not  only  in  connexion  with  these  pyrrhotite  deposits,  but 
also  as  regards  our  magnetic  iron  deposits.  It  is  the  only  detailed 
account. of  the  Swedish  method  which  has  yet  appeared  in  the  English 
language.  With  the  exception  of  magnetic  observations  to  assist  in 
the  geological  mapping,  chiefly  of  the  iron  formations  and  associated 
rocks  of  the  Lake  Superior  district,  details  of  which  are  furnished  by 
Prof.  H.  L.  Smyth  (*),  no  very  extensive  use  of  magnetic  instruments 
has  been  made  in  any  other  country  outside  of  Sweden.  The  Swedish 
instruments-  may  be  obtained  from  J.  Fr.  Berg,  instrument  maker, 
Stockholm,  and  are  the  most  perfect  and  suitable  for  the  work  which 
have  yet  been  manufactured.  All  necessary  descriptions  and  informa- 
tion in  regard  to  their  operation  may  be  obtained  by  consulting  Dr. 
Haanel's  work,  which  he  hopes  may  be  of  service  to  the  mining  pro- 
fession. 

CLASSIFICATION  AND  GENESIS  OF  NICKEL  ORES. 

Mineralogically  the  ores  of  nickel  may  be  divided  into  eight 
classes,  as  follows:  1.  Sulphides;  2.  Arsenides  and  sulph-arsenides ; 
3.  Sulph-antimonides ;  4.  Sulpho-bismuthides ;  5.  Tellurides;  6.  Sili- 
cates; 7.  Oxides  and  Salts;  8.  Carbonates. 

Many  of  the  nickel  minerals  included  under  these  divisions  are 

(1)  Published  by  the  Department  of  the  Interior.  Ottawa.  Canada. 
(1)  Trans.  Amer.  Inst.  Mln.  En*.,  VoL  XXVI..  pp.  640-709. 
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unimportant  in  an  economic  sense,  and  Vogt  (2)  has  shown  that  all 
of  those  which  are  commercially  valuable  fall  naturally  into  three 
main  groups. 

1.  Ores  containing  arsenic  and  antimony,  with  or  without  bis- 
muth, such  as  niccolite,  gersdorffite,  chloanthite,  &c. 

2.  Sulphide  ores  (without  arsenic),  as  for  example,  nickeliferous 
pyrrhotite  and  pyrite,  pentlandite,  polydymite,  millerite,  &c. 

3.  Silicated  nickel  ores,  such  as  genthite,  garnierite,  &c. 

Tlie  arsenides  and  sulph-arsenides,  belonging  to  the  first  group, 
occur  principally  in  veins,  as  for  instance  the  old  and  well  known 
metalliferous  lodes  of  Saxony  and  Hungary;  Mine  la  Motte  and 
Bonne  Terre,  in  Missouri;  the  Gem  mine  in  Fremont  county,  Color- 
ado; the  McConnell  or  Gersdormte  mine,  in  the  Sudbury  district, 
Ontario;  and  the  recently  discovered  deposits  near  Haileybury,  on 
the  west  side  of  Lake  Timiakaming,  Ontario. 

By  far  the  largest  deposits,  belonging  to  the  second  group,  are  the 
nickel-copper  sulphide  ores  of  the  Sudbury  district,  in  Canada,  which 
are  the  subject  of  the  present  bulletin,  but  Norway  has,  for  many 
years,  operated  on  a  large  scale  precisely  similar  concentrations.  Other 
closely  related  ore  bodies  have  also  been  worked  as  mines,  as  at 
Varallo,  in  Piedmont,  Italy,  and  at  Lancaster  Gap  in  Pennsylvania. 
The  deposits  which  have  been  partially  developed  and  worked  near 
St.  Stephen  in  the  province  of  New  Brunswick,  Canada,  are  also 
apparently  of  the  same  nature.  The  most  celebrated  and  extensive  of 
the  deposits,  representative  of  the  third  group,  are  those  of  New 
Caledonia.  Important  bodies,  however,  of  similar  silicates  are  known 
to  occur,  and  have  been  developed  to  some  extent,  near  •  Riddle's,  in 
Douglas  county,  Oregon,  and  near  Webster,  the  capital  of  Jackson 
county,  in  western  North  Carolina. 

The  veins  of  the  first  group  occur  either  penetrating  or  in  inti- 
mate connexion  with  eruptive  rocks  of  the  peridotite  or  gabbro  type, 
and  are  generally  found  in  the  more  decomposed  or  altered  portions. 
These  basic  igneous  rocks,  as  is  well  known,  contain  appreciable 
quantities  of  nickel  as  a  normal  constituent.  The  extremely  rich 
nickel  ore  contained  in  these  veins  has,  therefore,  evidently  been 
derived  from  the  leaching  out  of  the  nickel  from  the  neighbouring 
rock  during  certain  processes  of  alteration  to  which  it  has  been  sub- 
jected. 

The  method  of  formation  of  the  sulphide  deposits  of  the  second 
group,  typified  by  the  Sudbury  deposits,  has  already  been  discussed 
at  length,  and  the  conclusion  reached  that  they  are  the  direct  product 

(2)  Zclt  fur  Prak.  Oeol..  1893.. 
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of  the  differentiation  of  a  basin  igneous  magma,  modified,  to  some 
extent,  by  processes  which  are  usually  grouped  together  under  the 
designation  of  secondary  action. 

The  silicates  ot  nickel  are  always  confined  to  areas  underlaid  by 
intrusive  masses  of  non-feldspathic  basic  magnesian  rocks  of  the 
peridotite  family,  the  several  varietal  forms  of  which  aro  distin- 
guished from  one  another  by  the  names  of  dunite,  saxonite, 
websterite  and  eherzolite.  These  rocks  are  always  more  or  less  de- 
composed to  a  serpentinous  material,  so  that  the  type  of  rock  with 
which  these  deposits  occur  is  usually  described  as  serpentine. 

The  ore  rarely  crops  out  at  the  surface,  but  is  covered  with  a  thick 
mantle  of  decomposed  material,  from  which  most,  if  not  all,  of  the 
nickel  has  been  leached,  to  be  concentrated  in  places  a  few  feet  lower 
down.  This  covering  or  soil  is  very  highly  ferruginous,  with  occa- 
sional large  '  chert '  fragments  lying  about.  These  pseudo-boulder* 
of  so-called  chert  are  considered  a  favourable  sign  in  prospecting  for 
the  ore  bodies,  for  they  invariably  indicate  the  presence  of  the  perido- 
tite beneath.  They  really  represent  residual  portions  of  the  peridotite, 
which  escaped  the  wholesale  decomposition  on  account  of  their  being 
held  together  by  an  intricate  series  of  quartz  veinlets,  the  interstices 
of  which  are  occupied  by  only  partially  decomposed  peridotite.  The 
surface  mantle  or  soil  usually  varies  from  nothing  up  to  a  few  feet 
when  it  gives  place,  gradually,  to  a  loose,  brownish  material,  repre- 
senting the  decomposition  of  the  peridotite  '  in  situ/  This  usually 
shows  abundant,  but  small  and  intricate  veins  and  veinlets  of  the 
greenish  silicate  of  nickel  and  magnesium,  often  with  abundant  scales 
of  chrome  mica.  In  places  irregular  fissures  and  cavities,  often  of 
considerable  size,  are  occupied  by  rather  pure  silicate  material.  This 
brownish,  loose  material  gives  place,  in  turn,  to  a  brownish,  soft,  fri- 
able rock,  filled  with  smaller  but  harder  and  rich  veinlets  of  the 
nickel  silicate,  while  this,  again,  is  replaced  farther  down  by  the  un- 
altered peridotite,  which,  it  is  believed,  will  contain  little  or  none  of 
the  silicate  concentrations. 

Analyses  of  the  associated  dunite  or  websterite,  from  the  North 
Carolina  occurrences,  show  the  undecomposed  rock  to  contain  from 
0-15  to  0*35  per  cent  of  nickel  oxide,  while  the  saxonite,  in  which 
the  Oregon  occurrences  are  developed,  contains,1  according  to  Diller, 
010  per  cent  of  nickel  oxide,  while  the  olivine  itself,  of  which  the 
rock  is  mainly  composed,  contains  0-26  per  cent  of  nickel  oxide. 
This  is  a  very  unusual  occurrence,  and  the  undecomposed  peridotite 
of  New  Caledonia  often  contains  as  high  as  1  per  cent  of  nickel 
oxide.  Similar  rocks,  from  the  Eastern  townships  of  Canada,  show 
the  presence  of  0-15  to  0-26  per  cent  of  oxide  of  nickel,  without 
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cobalt,  while  the  associated  chromic  iron  ore  also  contains  0-22  per 
cent  of  oxide  of  nickel,  with  distinct  traces  of  cobalt.  It  is  ahnoBt 
impossible  to  collect  any  of  the  brownish  material,  resulting  from 
the  decomposition  of  these  peridotites,  without  finding  an  appreciable 
amount  of  nickel  present.  It  appears  certain,  therefore,  that  the 
nickel  has  been  leached  out  of  the  surrounding  rock,  and  redeposited 
along  with  silica  and  magnesia  in  all  available  cracks  and  inter- 
spaces. The  peridotite  is  always  readily  decomposed  under  ordinary 
conditions  of  atmospheric  decay,  the  magnesia  being  the  first  ingre- 
dient to  be  carried  away  in  the  form  of  a  carbonate.  This  is  follow- 
ed by  the  silica  and  nickel,  which  is  redeposited  at  lower  levels  and 
in  suitable  places.  The  result  of  such  an  origin  will  be  the  occur- 
rence at  these  several  localities  mentioned  of  comparatively  shallow 
deposits,  their  downward  extension  depending  almost  entirely  on  the 
depth  to  which  decomposition  nas  proceeded.  On  the  other  hand,  the 
ease  with  which  many  of  these  deposits  may  be  mined,  and  the  large 
amount  of  comparatively  rich  and  desirable  nickel  ore  which  may 
be  thus  secured,  make  them  particularly  attractive. 

DISTRIBUTION  OF  NICKEL  ORES. 

Ores  of  nickel  are  much  more  evenly  and  abundantly  distributed 
over  the  whole  world  than  is  generally  supposed,  but  in  only  a  few 
countries  are  the  deposits  of  such  dimensions  as  to  warrant  their 
development  as  working  mines,  and,  at  the  present  day,  the  mines  of 
New  Caledonia,  and  those  of  Sudbury  produce  almost  the  whole  of 
the  world's  supply  of  nickel. 

Small  quantities  of  the  arsenides  and  sulph-arsenides  of  nickel  are 
found  in  association  with  ores  of  silver,  lead,  bismuth  and  cobalt,  in 
the  well  known  veins  of  Saxony  and  Hungary.  As  a  rule,  however, 
this  nickel  may  bo  regarded  as  a  by-product  obtained  in  the  refining 
of  these  ores,  and  although  valuable,  it  forms  a  comparatively  small 
proportion  in  comparison  with  the  other  metals  present. 

Nickel  also  occurs  in  Sweden  and  Finland,  and  the  famous  de- 
posits of  Norway  for  many  years  produced  a  comparatively  large 
proportion  of  the  nickel  of  the  world.  Nickel  is  also  known  to  occur 
in  Scotland,  while  the  serpentines  of  the  west  of  Ireland,  and  those  of 
Cornwall,  all  contain  a  little  nickel  associated  with  them. 

In  Russia,  nickel  has  been  reported  from  Rewdinsk  and  Zang- 
hesour.  The  most  celebrated  deposit  of  nickel  in  the  United  States 
is  at  the  Gap  mine,  in  Lancaster  co.,  Pennsylvania,  but  this  mine 
suspended  operations  in  1891.  The  domestic  production  of  nickel  in 
the  United  States  is,  at  present,  all  derived  as  a  by-product  from 
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the  treatment  of  lead  ores,  which  are  found  in  the  mineralized  por- 
tion of  the  sedimentary  limestones  at  Mine  la  Motte,  Missouri.  Very 
rich  nickel  ore  has  been  found  in  the  'Gem  mine'  in  Fremont  co., 
Colorado.  Nickel  minerals  are  also  known  to  occur  at  other  localities 
in  this  state,  as  for  example  in  the  hornblendic  rock  near  Salida, 
associated  with  copper,  and  also  in  small  quantities  in  some  of  the 
ores  from  the  Leadville  region.  The  occurrence  of  nickel  has  also 
been  reported  from  several  places  in  California.  At  the  Kelsey  mine, 
m  Los  Angeles  county,  nickel  and  cobalt  are  found  in  the  form  of 
arsenates,  together  with  silver-glance  and  native  silver,  in  a  fissure 
vein  in  close  relation  with  a  dike  rock,  probably  dioritc.  The  asso- 
ciated ores  contain  7  to  15  per  cent  cobalt,  and  2  to  3  per  cent  nickel, 
and  1,000  to  1,400  ounces  of  silver  per  ton.  (»)  Nickel  also  occurs  at 
the  cobalt  mines  near  Chatham,  Connecticut.  Some  important 
bod  ies  are  known  to  exist  in  Nevada  but  these  have  not  been  exten- 
sively developed.  Nickel  ores  are  also  reported  from  Idaho,  Arizona 
and  New  Mexico.  Rich  ores  of  nickel  also  occur  in  the  copper  dis- 
trict south  of  Lake  Superior.  The  most  important  deposits  of  nickel 
ore  at  present  known  to  exist  in  the  United  States  are  the  silicates 
of  North  Carolina  and  Oregon,  to  which  more  detailed  references 
will  be  made. 

In  Canada  the  distribution  of  the  nickel  deposits  occurring  at 
Sudbury  have  already  been  described,  but  important  bodies  of  similar 
sulphide  material  are  also  known  to  occur,  and  have  undergone  pre- 
liminary development  at  St.  Stephen,  New  Brunswick.  Other  occur- 
rences are  reported  from  British  Columbia  and  the  province  of 
Quebec,  but  these  are  at  present  of  no  economic  importance.  In 
Newfoundland  rich  nickel  ore  has  been  found  in  considerable  quan- 
tities at  the  Union  mine,  at  Tilt  cove  in  Notre  Damo  bay.  Australia, 
New  Zealand,  South  Africa  and  Chili  all  contain  deposits  of  nickel 
ore,  but  New  Caledonia  is  the  only  formidable  rival  with  which  Sud- 
bury has  at  present  to  deal. 

NICKEL  IN  CANADA. 

The  Wallace  mine,  about  a  mile  west  of  the  mouth  of  the  White- 
fish  river,  on  the  north  shore  of  Lake  Huron,  is  of  historic  interest, 
as  being  the  first  place  in  which  the  presence  of  nickel  was  recognized 
in  Canada.  It  was  first  opened  as  a  copper  mine,  in  1847.  During 
the  season  of  1848  this  location  was  visited  by  Mr.  Alex.  Murray, 
Assistant  Provincial  Geologist,  who  reported  on  the  geological  asso- 

(1)  Proc.  Col.  Scl.  Soc..  Vol.  IV.,  1891-93,  pp.  419-20. 
4187—10 
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ciations  and  probable  extent  of  the  deposit.  (*)  This  occurrence  has 
Also  been  described  by  Mr.  C.  W.  Dickson  (2),  as  consisting  of 
pyrrhotite,  pyrite  and  chalcopyrite,  occurring  at  the  junction  of  two 
small  dikes  of  mica-diorite  which  are  intruded  into  the  surrounding 
quartzites.  The  mining  development  work  undertaken  did  not  reveal 
any  large  body  of  ore,  and  although  a  considerable  amount  of  copper 
ore  was  encountered,  in  association  with  a  rich  arsenical  ore  of  nickel, 
the  occurrence  of  the  latter  in  very  small  veins,  adjacent  to  the 
southern  wall  of  the  mine,  did  not  encourage  extensive  mining  opera- 
tions, and  the  mine  was  accordingly  soon  abandoned.  The  material 
obtained  by  Murray,  in  1848,  was  handed  to  Dr.  Hunt  for  analysis. 
This  specimen,  weighing  forty-five  ounces,  is  described  by  Dr.  Hunt 
as  '  a  steel  grey  arseniuret,  the  species  of  which  I  have  not  yet  deter- 
mined, with  iron  pyrites  and  probably  some  arsenical  sulphuret  of 
iron.'  The  analysis  of  the  whole  mass,  when  powdered,  gave  the  results 
under  I.  The  first  five  substances,  making  59*30  per  cent  of  the  ore, 
are  separated,  as  corresponding  to  the  metallic  portion  of  the  mass, 
although  it  is  probable  Unit  a  portion  of  the  iron  is  derived  from 
the  gangue.  The  cobalt  equals  about  three  parts  in  a  thousand  of  the 
weight  of  the  nickel.  Removing  the  gangus,  and  recalculating  the 
remainder  to  100,  we  get  the  results  under  II. 

I  II 

Iron   24-78  41-79 

Nickel  (with  a  trace  of  cobalt)     8-26  13-93 
Arsenic  (mean  of  two  deter- 
minations)  3-57  6  02 

Sulphur   22-63  38  16 

Copper   0  06  0  10 

•  59-30  100-00 

Silica   28-40 

Carbonate  of  lime   4  00 

Magnesia   4-40 

Alumina   3-21 

40  01 
99-31 

Two  ores  of  nickel  are  described  by  Dr.  Hunt  (3)  as  occurring 
in  a  vein  cutting  a  bed  of  amygdaloid,  on  Michipicoten  island,  in 


(1)  Rep.  of  Pro&resa  ,Geol.  Surv.,  Can.  1848-49.  pp.  42-45;  also  pp.  61-64; 
also  Geol.  of  Canada.  1863,  pp.  59-60,  506,  695.  "37  ;  also  Mln.  Res.,  Ont.. 
1890,  pp.  24.  67.  91  and  97. 

(2)  Trans.  Amer.  Inst.  Min.  Eng.  1903. 

(3)  Geol.  of  Can.,  1863,  pp.  506  and  737. 
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Lake  Superior.'  The  first  of  these  is  a  brittle  massive  ore  associated 
with  quartz  and  having  a  brilliant  metallic  lustre  and  a  colour  vary- 
ing from  tin-white  to  bronze-yellow.  Its  hardness  is  5  and  its  specific 
gravity  varies  from  7-35  to  7-40.  The  mineral  is  variable  in  com- 
position.  The  results  of  four  analyses  were  as  follows : 

I  II  III  IV 

Arsenic               37  36  44-67   

Copper                44-70  30-81  27-60  10-28 

Nickel                 17  03  24-55  27-29  36-39 

Silver   0-25  0-21   


Total   99  09  100-28 

The  above  variable  results  are  due  to  the  material  analyzed  con- 
sisting of  a  mixture,  in  different  proportions,  of  niccolite  (nickel 
44  1  per  cent  and  arsenic  55-9  per  cent)  and  domeykitc  (copper 
4 17  per  cent  and  arsenic  28-3  per  cent). 

The  second  ore,  said  to  be  from  the  same  mine  as  the  preceding, 
occurs  as  the  gangue  of  native  copper  and  native  silver,  which  are 
scattered  through  it  in  grains.  The  material  is  amorphous,  greenish- 
yellow  or  apple-green  in  colour,  with  a  waxy  lustre  and  a  conchoidal 
fracture.  It  is  very  soft,  polishing  under  the  nail,  and  falling  to 
pieces  when  immersed  in  water.  It  is  decomposed  by  acids,  and  is 
found  to  be  essentially  a  hydrated  silicate  of  nickel.  Under  I  is 
an  analysis  of  one  specimen  dried  at  212°  F.  Under  II  is  an  analysis 
of  another  specimen  dried  at  a  higher  temperature.  It  contains,  be- 
sides, traces  of  cobalt  and  copper,  and  appears  to  be  identical  with 
nickel-gymnite  or  genthite.  Under  III  is  a  partial  analysis  of  a 
specimen  which  contained  small  disseminated  grains  of  the  native 
metals. 

I       n  in 

Silica   33-60  35-80   

Oxide  of  nickel                  30-40  32  20  20-85 

Protoxide  of  iron   2-25   

Lime   4  09   

Magnesia   3-55   

Alumina   8-40     

Water   17  10  12-20   

Cobalt   traces   

Silver   2-55 

Copper   traces  18-51 


4187— 10i 
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The  arsenide  of  nickel  (niccolite),  has  also  bee  nfound  at  the  3  A 
mine,  on  lot  3  A,  of  the  township  of  McGregor,  in  the  district  of 
Thunder  bay,  Ont.,  where  it  occurs  in  somewhat  large,  nodular  grains 
and  bunches,  together  with  native  silver  of  a  similar  form,  freely 
disseminated  through  a  gangue  of  calc-spar,  with  some  quartz.  (*) 

Nickel  is  seldom  or  never  absent  from  the  magnesian  rocks  of  the 
Eastern  townships,  in  the  province  of  Quebec,  and  the  various  ser- 
pentines, steatites,  diallages,  actinolites,  etc.,  always  contain  small 
quantities  of  this  metal,  rarely,  however,  more  than  two  or  three 
thousandths.  It  has  never  yet  been  found  in  any  considerable  quanti- 
ties, although  the  chromic  iron  ore  from  Ham  gave,  on  analysis, 
0-22  per  cent  of  oxide  of  nickel.  (l)  Dr.  Harrington  also  found  a 
small  amount  of  nickel  in  the  serpentine  brought  by  Dr.  Bell  from 
Pigeon  lake,  on  the  Montreal  river,  Ontario.  (a) 

Mining  for  nickel  was,  at  one  time,  carried  on  at  lot  6,  con.  XLT, 
of  the  township  of  Orford,  in  the  province  of  Quebec,  but  operations 
had  evidently  been  suspended  for  a  considerable  time  before  the 
year  1883  when  Mr.  Williinott  visited  the  locality.  (3)  The  presence 
of  nickel  at  this  locality  had  been  known  for  a  long  time  ("*)  but  the 
deposit  had  not  been  opened  up  as  a  mine  until  long  after  its  dis- 
covery. The  location,  known  as  the  Orford  Nickel  mine,  was  de- 
veloped by  means  of  two  small  shafts,  sunk  on  what  appears  to  be  a 
large  calcite  vein,  enclosing  small  transparent  green  crystals  of 
chrome  garnet,  and  often  penetrated  by  long  filaments  of  pyroxene  of 
a  greenish  or  yellowish  colour.  The  chrome  garnet  also  forms  large 
granular  masses,  holding  sparingly  disseminated,  small,  brass-like 
grains  and  crystals  of  millerite.  The  largest  crystals,  however,  are 
generally  found  penetrating  a  beautiful  cleavable  variety  of  calcite, 
and  often  exceed  three  inches  in  length.  The  houses,  mining  build- 
ings and  smelting  furnaces  were  abandoned  in  1883,  with  the  excep- 
tion of  one  house,  which  was  occupied  by  a  caretaker. 

A  sample  of  iron  pyrites,  from  the  eleventh  concession  of  the 
Seigniory  of  Daillebout,  Joliette  county,  in  the  province  of  Quebec, 
yielded  Dr.  Hunt  0-55  per  cent  of  oxide  of  nickel  (=0-43  per  cent 
of  nickel)  mixed  with  cobalt.  (B) 

A  carefully  picked  sample  of  iron  pyrites,  occurring  on  lot  163  of 
the  cadastral  plan  of  St.  Jerome,  P.Q.,  was  analyzed  by  Dr.  Harring- 


(1)  Ann.  Rep.  Gool.  Surv.,  Can..  Vol.  V..  1890-M,  Part  R,  p.  47. 

(1)  Rep.  of  Progress,  Geol.  Sunr.,  Can.,  1853-66,  pp.  436-474;  also  GeoT  of 
Can.,  1863.  pp.  607  and  614. 

(2)  Ann.  Rep.  Geol.  Surv..  Can.,  1876-77,  p.  483. 

(3)  Rep.  of  Progress  Geol.  Surv.,  Can..  1880-82,  Part  GO,  p.  5. 

(4)  Geol.  of  Can..  1863,  p.  738. 

(5)  Geol.  of  Can.,  1863.  p.  606. 
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ton  and  found  to  contain  copper  0  05  per  cent,  cobalt  0-22  per  cent 
and  nickel  010  per  cent.  (8) 

Dr.  Hunt  mentions  that  a  bronze  coloured,  impalpable  variety  of 
iron  pyrites,  in  irregular,  reniform  or  globular  masses,  which  occurs 
with  copper  pyrites  in  the  township  of  North  Burgess,  Ont.,  gave 
him  on  analysis  3-47  per  cent  of  cobalt  and  2-21  per  cent  of 
nickel.  (") 

Dr.  Adams  analyzed  a  specimen  of  pyrrhotito,  associated  with  a 
little  chalcopyrite  and  sphalerite,  with  a  small  amount  of  inter- 
mingled chlorite,  from  Pic  island,  Lake  Superior,  and  found  it  to 
contain  0-562  per  cent  of  nickel  and  0  138  per  cent  of  cobalt.  (*) 

Dr.  Hoffmann  analyzed  a  specimen  of  iron  pyrites  from  London- 
derry, N.S.,  which  he  found  to  contain  0  144  per  cent  of  nickel  and 
0-813  per  cent  of  cobalt.  (2) 

Nickel  has  also  been  met  with  in  British  Columbia,  at  various 
localities,  associated  with  pyrrhotite  and  other  sulphides.  Gersdorffite 
has  been  observed,  in  the  form  of  small  octahedral  crystals,  distri- 
buted through  specimens  which  show  an  intimate  association  of 
massive  pyrrhotite  and  chalcopyrite,  from  the  Columbia-Kootenay 
property,  one  mile  and  a  quarter  northeast  of  the  town  of  Rossland. 
Tin  vhole  sample,  which  weighed  6  lbs.  10  ozs.,  was  analyzed  by  Mr. 
F.  G.  Wait  (8)  who  found  it  to  contain  0-65  per  cent  nickel,  with 
traces  of  cobalt. 

Considerable  interest  has  been  manifested  in  the  deposits  of  nickeli- 
ferous  pyrrhotite  occurring  near  St.  Stephen,  N.B.  These  deposits 
were  first  visited  and  described  by  H.  P.  H.  Brumell  (4).  Dr.  R.  W. 
Ells,  who  visited  the  localities  where  these  ore  bodies  occur  during  the 
summer  of  1903,  has  furnished  the  following  description  (5) : — 

The  nickel-bearing  rocks  of  St.  Stephen  were  specially  examined, 
and  found  to  consist  of  newer  intrusives,  instead  of  the  Laurentian 
granites  as  at  one  time  supposed.  The  rocks  are  chiefly  of  the  gabbro 
type,  which  have  penetrated  and  altered  a  series  of  black  and  grey 
slates,  the  edpe  of  which  has  also  been  a  matter  of  much  doubt.  They 
were  at  one  time  supposed  to  be  of  Silurian  age,  but  from  the  absence 
of  fossils  this  point  has  never  been  fully  determined.  As  developed 
about  the  head  of  Oak  bay  it  was  supposed  that  here  they  might  be 

(6)  Rep.  of  Progress  Geol.  Surv..  Can.,  1876-77.  p.  482. 

(7)  Rep.  of  Progress  Geol.  Surv.,  Can..  1863-66,  p.  217. 

(1)  Ann.  Rep.  Oeol.  Surv.,  Oan.,  1880-82,  Part  H,  p.  15. 

(2)  Ann.  Rep.  Geol.  Surv.,  Can..  1874-75  p.  14  and  Vol.  V.,  1890-91,  Part  R. 
p.  it. 

(3)  Ann.  Rep.  Geol.  Surv.,  Can.,  Vol.  IX..  1896,  Part  R.  p.  15,  16  and  38. 

(4)  Ann.  Rep.  Geol.  Surv.,  Can.    Vol.  IV..  1890-91,  Part  SS.  pp.  112-114; 
alto  Vol.  X..  1897,  Part  M.  pp.  27-30. 

0  Swam.  Rep.  Geol,  Surv.,  Can.,  1903.  pp.  156-159. 
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the  equivalents  of  some  portion  of  the  primordial  of  the  St.  John  area, 
but  this  point  also  has  never  been  determined  by  finding  fossils.  On 
the  geological  map  of  the  district  they  are  provisionally  coloured 
Cambro-Silurian.  They  apparently  underlie,  conformably,  the  sandy 
slates  which  are  regarded  as  Devonian,  and  which  occupy  the  north- 
west portion  of  the  county,  and  on  this  basis  their  age  might  be  Upper 
Silurian. 

They  are  extensively  altered  in  many  places,  changing  into  mica 
and  chiastolite  schists,  but  these  alterations  are  purely  local,  and 
caused  by  intrusions  of  the  gabbro  masses.  They  resemble,  in  certain 
points,  prc-Oambnan  schists,  but  not  as  a  series.  Further  detailed 
examinations  for  fossils  will  be  required  to  finally  settle  the  question 
of  their  true  horizon. 

The  nickel  near  St.  Stephen  occurs  in  pyrrhotite,  as  at  Sudbury, 
but  the  associated  rocks  are  of  a  very  different  geological  horizon 
from  those  of  the  latter  district.  The  pyrrhotite  is  found  in  gabbro 
masses,  which  cut  a  series  of  slates,  and  have  altered  these  extensively 
along  th<>  contacts.  The  mineral  occurs,  apparently,  in  pockety 
masses,  which  are  probably  quite  local  in  character.  The  ore  is  found 
at  a  number  of  points,  but  attempts  at  mining  for  nickel  have  been 
made  chiefly  at  two  places,  on  what  are  known  as  the  Rogers  and  Flail 
farms.  The  former  is  usually  styled  the  Todd  mine,  the  latter  the 
Carroll  mine. 

On  the  Rogers  farm  considerable  work,  mostly  of  an  exploratory- 
nature,  has  been  done.  A  shaft,  12  x  12,  has  been  sunk  for  twenty- 
four  feet,  and  three  trenches  have  been  cut,  with  depths  ranging  from 
three  to  eight  feet,  the  principal  one  being  rather  more  than  two 
chains  in  length,  on  a  course  of  S.  54°  W.  magnetic.  In  this  trench 
the  ore  is  exposed  for  a  little  more  than  thirty  feet  along  the  line  of 
excavation,  the  rest  of  the  cut  showing  partly  mixed  ore  and  partly 
rock.  The  width  of  the  ore  body  was  not  ascertained,  as  sufficient 
development  work  has  not  been  done  to  decide  this  point. 

On  Hall's  lot  (Carroll  mine)  several  shafts  have  been  sunk,  one  of 
6eventy-seven  feet,  one  of  fourteen  feet  and  one  of  twelve  feet.  In 
addition,  a  bore-hole  with  a  diamond  drill  was  carried  down  from  the 
bottom  of  the  deepest  shaft  to  a  farther  depth  of  163  feet.  From  in- 
formation obtained  from  Mr.  .T.  Carroll  the  first  forty  feet  of  the 
main  shaft  was  in  ore,  but  from  that  point  to  the  bottom  the  ore  was 
mixed  with  rock. 

The  formations  at  this  place  are  practically  the  same  as  on  the 
Todd  area.  The  openings  are  apparently  near  the  eastern  edge  of  the 
gabbro  mass,  since  altered  slates  are  seen  in  close  proximity. 

An  examination  of  the  specimens  collected  from  one  of  these  de- 
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posits,  about  three  miles  north  of  St.  Stephen,  was  conducted  by  Mr. 
K.  A.  A.  Johnston,  (')  who  gives  the  following  description: — 

'The  material  consisted  of  pyrrhotite,  through  which  was  dis- 
•  8eminated  a  little  copper  pyrites,  and  a  very  small  amount  of  quartz- 
ose  gangue.'  A  partial  analysis  gives  the  results  under  I,  or  calculated 
on  the  material  free  from  all  gangue,  under  II. 

I.  II. 

Nickel   1-72%  1-82% 

Cobalt   0  16%      0  17% 

Copper   0-31%  0-33% 

Pyrrhotite,  in  association  with  chalcopyrite,  and  a  little  magne- 
tite, in  a  gangue  of  greenish-grey  serpentine,  obtained  from  Thomp- 
son's farm,  St.  Stephen,  was  partially  analyzed  by  Dr.  F.  D. 
Adams  The  pyrrhotite  constituted   approximately   about  one- 

fourth,  by  weight,  of  the  whole.  The  pyrrhotite,  carefully  freed  from 
the  associated  minerals,  was  found  to  contain,  nickel  0-923  per  cent, 
and  cobalt  0-394  per  cent. 

Partial  analyses  by  Mr.  M.  F.  Connor,  of  this  Department,  were 
made  of  specimens,  selected  by  Mr.  R.  A.  A.  Johnston,  from  both  the 
Todd  and  the  Carroll  properties.  The  specimens  from  the  Todd  mine, 
consisting  of  nearly  pure  pyrrhotite,  with  a  small  proportion  of  inter- 
mixed chalcopyrite,  and  with  about  10  per  cent  of  gangue,  gave  nickel, 
1-38  per  cent,  and  cobalt,  0-21  per  cent.  The  specimen  from  the 
Carroll  mine,  which  was  almost  pure  pyrrhotite,  with  very  little  chal- 
copyrite, and  less  than  5  per  cent  of  gangue,  gave  nickel  1-35  per 
cent  and  cobalt  0-21  per  cent. 

It  will  thus  be  seen  that  the  ore  is  of  lower  grade  than  that  gener- 
ally met  with  and  mined  at  Sudbury,  so  that,  for  the  present  at  any 
rate,  unless  large  bodies  are  encountered,  these  deposits  will  not  be 
able  to  compete  with  the  much  larger  and  richer  deposits  of  Sudbury. 

The  rocks  at  all  these  places  appear  to  be  very  familiar  in  char- 
acter, and  consist,  for  the  most  part,  of  a  gabbro,  varying  from  fine  to 
somewhat  coarse-grained.  The  presence  of  the  pyrrhotite  is  indicated 
by  masses  of  gossan  at  the  surface,  and  in  places  the  ore  is  largely 
mixed  with  rock.  There  does  not  appear  to  be  any  well  defined  con- 
tact of  the  ore  body  with  the  adjacent  rock,  and  but  little  indication 
of  a  vein  structure  is  visible.  Outside  of  the  ground  covered  by  the 
trenches  and  pits  the  surface  shows  the  gossan  cap  at  a  number  of 
points,  with  a  thickness  Tanging  from  a  few  inches  to  several  feet. 
From  the  fact  that  this  capping  shows  at  several  places  east  of  the 


(1)  Ann.  Rep.  Geo!.  Surv.,  Can..  1880-82.  Part  H,  p.  18. 

(1)  Ann.  Rep.  Qeol.  Surv..  Can.,  Vol.  V.  1800-91,  Part  R,  p.  39. 
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main  trench  on  the  Rogers  farm,  it  is  probable  that  masses  of  pyrrho- 
tite  will  l»e  found  over  a  considerable  area,  but  probably  in  many  cnses 
so  mixed  with  rock  that  careful  separation  would  be  necessary  after 
mining.  The  existence  of  these  ore-bodies  could  be  best  proved  by 
judicious  boring  with  a  diamond  drill.  The  areas  of  gabbro  are 
limited,  and  appear  to  rise  in  dome-shaped  masses  through  the  slate 
formation  at  a  number  of  places.  In  the  present  state  of  development 
of  the  district  but  little  information  of  a  definite  nature  can  be  given 
as  to  future  values. 

At  the  location  near  Moore's  mill,  while  the  gabbio  is  seen  at 
different  points,  the  pyrrhotite  appears  to  be  disseminated  in  a  mass 
of  oltercd  schistose  slates.  The  ore  here  is,  apparently,  of  a  low 
grade,  and  the  extent  of  the  deposit  not  large. 

Another  locality  where  mining  for  nickel  has  been  undertaken  h 
on  lots  11  and  12,  range  IX,  of  the  township  of  Calumet  (Calumet 
island),  Pontiac  county,  in  the  province  of  Quebec  C1).  The  ore  is 
mostly  a  pyrrhotite,  containing  both  nickel  and  cobalt.  The  asso- 
ciated rocks  are  diorites,  that  cut  a  series  of  grey  and  rusty  gneisses 
and  crystalline  limestones.  A  large  knoll  of  the  diorite  rises  to  the 
south  of  the  ore  beu,  which  has  a  thickness  of  about  twelve  feet,  and 
between  it  and  the  diorite  mass  is  a  band  of  crystalline  limestone. 
The  ore  itself  is  associated  with  another  band  of  diorite  that  appar- 
ently traverses  grey  gneiss,  the  latter  being  seen  beneath,  or  to  the 
north  of  the  ore  deposit.  On  the  river  a  short  distance  to  the  south 
of  this  mine  the  formation  is  mostly  a  crystalline  limestone,  and  the 
intrusions  of  diorite  and  granite  in  this  rock  can  be  readily  seen.  The 
band  of  pyrrhotite  at  the  Cowen  mine  dips  to  the  south  at  an  angle 
of  about  50°.  A  shaft  has  been  sunk  to  a  depth  of  about  forty  feet, 
and  crosscuts  have  been  made  to  test  the  width  of  the  deposit. 

A  compact  massive  pyrrhotite,  through  which  was  disseminated 
small  quantities  of  quartzose  gangue,  handed  to  Dr.  G.  C.  Hoffmann 
by  Mr.  E.  P.  Cowen,  was  partially  analyzed  by  Mr.  F.  G.  Wait,  giving 
the  results  under  I.  The  gangue  constituted  4-30  per  cent,  by  weight, 
of  the  whole;  so  that,  neglecting  this,  the  pure  sulphide  would  givo 
the  results  under  IT. 

I.  II. 

Nickel   3-88%      4  06% 

Cobalt   0-32%  0-33% 

A  quartz-amphibolite,  carrying  a  somewhat  large  quantity  of  pyrr- 
hotite, some  pyrite,  a  small  quantity  of  chalcopyrite,  and  a  very  litttle 
tine  blende,  was  obtained  from  the  southeast  half  of  lot  6,  range  II,  of 

(1)  Ann.  Rep.  Geol.  Surv.,  Can..  Vol.  XI.,  1898.  Part  A.  p.  119. 


Digitized  by  Google 


NICKKL  IN  CANADA 


153 


the  township  of  Calumet.  The  pyrrhotite,  freed  from  all  gangue  and 
associated  minerals,  was  found  by  Mr.  F.  G.  Wait  to  contain  nickel, 
1  -43  per  cent,  with  no  cobalt.  ('). 

Cobaltiferous  lollingite  (diarsenide  of  iron)  occurs  on  lot  16,  con- 
cession XIV,  of  the,  township  of  Galway.  The  spocimen  was  received 
by  Dr.  Hoffmann  from  the  late  Mr.  J.  B.  Campbell  on  July  21, 
1888  (2). 

The  mineral,  which  was  associated  with  a  small  quantity  of  pyrrho- 
tite, and  a  little  white  translucent  quartz,  was  massive  and  exhibited 
only  in  parts,  and  that  but  very  indistinctly,  any  approach  to  crystal- 
line structure.  Colour,  steel-grey;  lustre,  metallic;  brittle;  fracture 
uneven;  streak,  greyiah-blaek ;  specitic  gravity,  after  correction  for  a 
little  included" quartz  at  15-5°  C,  7  028. 

An  analysis  by  Mr.  R.  A.  A.  Johnston,  of  carefully  selected  mate- 
rial, afforded  the  results  under  I.  Deducting  the  gangue  (silica),  and 
re-calculating  the  remaining  constituents  to  100,  we  obtain  the  results 
under  IL 

I.  It. 

Arsenic   70  11  70-85 

Sulphur   0-80  0-81 

Iron   24-41  24-67 

Cobalt   2-85  2-88 

Nickel   0-78  0-79 

Gangue  (  quartz y   1-69  .... 


Totals   100-64     100  00 

This  mineral  had  not  previously  been  identified  in  Canada,  and  if 
found  in  quantity  would  be  of  economic  importance. 

The  discovery  of  cobalt,  nickel,  arsenic  and  silver  ores  on  the  west 
side  of  Lake  Timiskaming,  Ontario,  was  made  public  in  November, 
1903.  The  deposits  were  discovered  during  the  building  of  the  Timis- 
kaming and  Northern  Ontario  railway,  the  roadbed  of  this  new 
government  railway  running  almost  over  the  top  of  the  first  of  the 
deposits  discovered.  The  deposits  lie  five  miles  south  of  the  village  of 
Hnileybury,  which  is  106  miles  north  of  North  Bay,  and  333  miles 
north  of  Toronto.  At  the  time  of  Prof.  Miller's  (3)  visit,  from  whose 
description  the  present  information  is  obtained,  four  veins  of  deposits 
had  been  located  in  the  vicinity  of  a  small  body  of  water  known  as 


(1)  Aon.  Rep.  Geol.  8urv.,  Can..  Vol.  XI.,  1898.  Part  R,  p.  39. 

(2)  Aon.  Rep.  Geol.  Surr..  Can.  Vol.  VI..  1892-93.  Part  R.  p.  19  and  43. 

(3)  Eng.  and  Mln.  Jour,  Vol.  LXXVI.,  Dec.  10,  1903.  pp.  888-889.  also  Can 
adian  Mining  Review,  Dec.  31st.  1903. 
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Long  lake,  lying  about  half  a  mile  south  of  the  southern  boundary 
of  lots  8  and  9,  concession  I  of  the  township  of  Bucke.  All  of  the 
veins  cut  through  the  slate  and  slate  conglomerate  of  the  Upper 
Huronian.  The  presence  of  dikes  or  sheets  of  the  darker  coloured 
eruptives  was  suspected,  but  they  were  not  definitely  recognized.  The 
slate  and  slate  conglomerate  have  a  slight  dip,  and  the  veins  referred 
to  cut  them  almost  vertically.  The  strike  of  the  veins  Nos.  1  and  3 
is  approximately  northeast  and  southwest,  that  of  4  is  east  and  west, 
that  of  2  northwest  and  southeast. 

Vein  No.  1  lies  east  of  the  railway  track,  at  the  edge  of  a  swamp, 
about  a  quarter  of  a  mile  north  of  the  end  of  Long  lake.  It  has  been 
uncovered  at  throe  points  which  are  within  a  few  yards  of  one 
another.  Medium-grained,  dark-coloured  conglomerate  is  found  on 
one  wall.  At  the  widest  opening  the  deposit  has  a  width  of  over  six 
feet,  but  the  vein  matter  is  more  or  less  mixed  with  rock.  The  ore 
consists  of  niccolite  or  the  arsenide  of  nickel,  and  smaltite,  the  diarse- 
nide  of  cobalt,  together  with  much  native  silver.  On  weathered 
surfaces  the  vein  matter  is  coated  with  the  beautiful  decomposition 
product,  erythrite  (cobalt  bloom).  The  green  nickel  stain  (anna- 
bergite?)  is  also  seen  on  some  surface?,  but  is  usually  masked  by  that 
of  the  cobalt.  i\ickel  silicate  (genthite)  may  also  be  present  The 
secondary  mineral  arsenolite  (AS2O3)  also  occurs.  Native  silver,  in 
leaves,  films  and  fine  threads,  and  moss-like  forms,  is  intimately  asso- 
ciated with  the  nickel  and  cobalt  minerals,  especially  with  the  nicco- 
lite, as  well  as  in  cracks  in  the  rock  and  in  the  calcite  veinstone.  In 
\ve;ithercd  portions  of  the  ores  the  silver  shows  distinctly.  One  sheet, 
composed  chiefly  of  silver,  had  a  thickness  of  nearly  0-375  of  an  inch 
and  a  diameter  of  about  one  foot.  The  silver  appears  to  have  crystal- 
lized earlier  than  the  niccolite  which  has  been  deposited  around  it. 
The  smaltite  has  formed  still  later  than  the  niccolite. 

On  location  No.  2,  which  lies  about  half  a  mile  southwest  of  No. 
1,  the  ore  body  is  distinctly  veinlike  in  foim.  The  ore  is  a  mixture 
of  smaltite,  and  probably  somo  closely  related  arsenide,  such  as  safflo- 
rite  (Co-As„),  and  niccolite.  It  was  found  to  have  the  following  com- 
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Analysis  I  was  made  by  O.  S.  James;  II  and  III  are  of  average 
samples  collected  by  W.  G.  Miller,  the  former  from  the  uppermost 
opening,  the  latter  from  the  middle  or  main  opening,  the  analyst 
being  A.  G.  Burrows.  It  was  evident  that  III  was  somewhat 
weathered,  as  it  showed  considerable  cobalt  bloom.  Analysis  IV  is 
by  Dr.  J.  WaddelL  It  represents  a  specimen  collected  by  Prof.  Nicol. 
This  specimen  was  not  taken  like  II  and  III  with  the  object  of 
determining  the  avernge  composition  of  the  vein.  Prof.  Xicol  states 
that  a  qualitative  analysis  showed  the  presence  of  small  amounts  of 
copper  and  lead,  and  the  absence  of  antimony,  bismuth  and  zinc. 

This  ore  body,  unlike  the  others  examined,  carries  no  silver  in 
the  parts  so  far  discovered.  Throe  openings  have  been  made  in  the 
vein,  over  a  length  of  300  feet.  The  massive  ore  has  a  width  of  four- 
teen inches,  but  vugs  in  the  wall  rock,  two  feet  or  more  from  the 
vein,  are  filled  with  cobalt  bloom.  The  walls,  which  are  well  defined, 
are  of  slate,  and  the  vein  is  almost  perpendicular,  lying  on  the  hill- 
side about  seventy  feet  above  the  level  of  Long  lake,  and  a  few  hun- 
dred yards  east. 

Ore  body  No.  3  lies  at  the  southern  edge  of  Long  lake,  about  half 
a  mile  southwest  of  No.  2.  It  is  very  similar  to  No.  1,  consisting  of 
native  silver,  smaltite,  erythrite,  and,  in  all  probability,  niccolite. 

Vein  No.  4  is  about  half  a  mile  southeast  of  No.  3.  The  vein, 
averaging  not  more  than  eight  inches,  cuts  a  perpendicular  bare  cliff, 
facing  the  west,  nearly  seventy  feet  high.  The  vein  is  weathered 
away,  leaving  a  crack  in  the  face  of  the  cliff  in  some  places  four  or 
five  feet  in  depth.  Thin  leaves  of  silver,  up  two  inches  in  diameter, 
were  lying  on  the  ledges,  and  the  decomposed  matter  was  cemented 
together  by  the  metal.  It  was  found  impossible  to  get  a  fresh  sample 
of  the  ore  with  the  hammer,  the  vein  being  so  much  decomposed.  The 
weathered  specimens,  however,  in  addition  to  tho  native  silver,  con- 
tained erythrite,  and  the  unaltered  ore  will  be  found  in  all  probability 
to  consist  of  smaltite  and  niccolite,  in  addition  to  the  silver.  Across 
a  distance  of  eight  inches  a  distinct  banded  structure  was  noticed, 
and  there  were  twelve  or  fourteen  layers  of  ore  lying  parallel  to  the 
walls.  A  sample  of  the  much  weathered  ore  from  vein  No.  4,  which 
appeared  to  contain  less  silver  than  most  of  the  samples  collected,  was 
found  by  Mr.  A.  G.  "Burrows  to  have  the  following  percentage  com- 
position; Silver,  16-60;  cobalt,  3  01;  nickel,  1-42;  arsenic,  16-79, 
and  gold  none.  This  ore  is  brownish  to  yellowish  in  colour,  and  has  an 
earthy  appearanoe.  Its  colour  is  due  to  the  presence  of  several  de- 
composition products,  the  oxides  of  iron,  cobalt  and  nickel.  A  small 
amount  of  cobalt  bloom  is  present.  At  the  bottom  of  the  cliff  the  vein 
cuts  thin  banded,  dark  grey  or  greenish,  at  times,  almost  black  slate, 
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which  has  a  slight  dip.  The  slate  passes  gradually,  as  far  as  could  be 
discovered  from  the  steep  character  of  the  cliff,  into  a  coarse  breccia- 
conglomerate  in  the  upper  part.  The  fragments  in  the  conglomerate 
consist  of  quartz,  slate,  granite  and  other  rocks. 

On  some  of  the  native  silver  specimens  there  are  small,  black, 
speriodal  masses,  with  little  lustre.  These  appear  to  be  the  hydrated 
oxide  of  cobalt  (heterogenite).  Some  of  the  deposits,  on  the  silver, 
resemble  asbolite.  The  carbonates  of  cobalt  and  nickel  are  also  prob- 
ably present. 

Prof.  Nicol,  of  the  Kingston  School  of  Mines,  who  afterwards 
examined  the  material  collected,  recognized  the  silver  antimonide, 
dyscrasite,  in  association  with  the  native  silver  of  No.  1.  He  has  also 
definitely  determined  the  presence  of  chloanthite  (arsenide  of  nickel). 
It  is  associated  with  the  niccolite,  and  also  occurs  rather  free  from 
cobalt  in  some  of  the  nodular  masses. 

Smaltite  and  erythrite  have  also  been  met  with  in  small  quantities 
associated  with  the  basic  igneous  rocks,  to  the  west  of  Rabbit  lake,  so 
that  the  whole  area  where  such  rocks  occur  in  the  Timiskaming  and 
Timagami  districts  should  be  carefully  prospected.  Although  the 
width  and  extent  of  these  veins  may  not  be  very  great,  the  character 
of  the  ore  is  such  as  to  make  them  a  distant  economic  possibility  at 
the  present  ruling  prices  of  the  metals  contained  in  them. 

OTHER  ASSAYS  FOR  NICKEL  OP  THE  SULPHIDE  ORE8  IN  CANADA. 

Since  the  discoveries  of  the  highly  nickeliferou9  pyrrhotite  of  the 
Sudbury  mining  district  there  has  been  very  active  prospecting  for 
similar  sulphide  material.  Numerous  specimens  from  all  parts  of  the 
Dominion  have  come  to  the  laboratory  of  the  Geological  Survey  De- 
partment for  assay.  The  material  thus  submitted  has  been  examined, 
and  partial  analyses  have  appeared  from  time  to  time  in  the  reports 
of  the  Section  of  Chemistry  and  Mineralogy,  which,  besides  appearing 
ns  separates,  are  included  in  the  various  annual  volumes.  It  has  been 
thought  advisable  to  tabulate  these  results,  arranging  them  according 
to  provinces.  All  of  the  analyses  have  been  conducted  by  Messrs. 
R.  A.  A.  Johnston  and  F.  G.  Wait,  assistants  to  Dr.  G.  C.  Hoffmann, 
the  chemist  and  mineralogist  to  the  Geological  Survey.  These  anal- 
yses are  in  addition  to  those  which  have  been  already  quoted  on 
previous  pages  of  this  bulletin. 
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EXPLANATIONS. 

1.  A  greyish-white,  gneissoid  rock,  through  which  was  disseminated 
a  somewhat  large  amount  of  pyrrhotite.  The  metallic  portion  of  the 
ore  contained  0-5  per  cent  of  cobalt.  2.  Coarse,  granular  pyrrhotite, 
in  association  with  zinc  blende,  through  which  was  disseminated  a 
somewhat  small  amount  of  a  dark-grey,  schistose  rock  and  white 
quartz.  3.  Pyrrhotite,  from  an  extensive  deposit.  Examined  for  Mr. 
Thomas  Marks.  4.  A  fair  sample  of  the  pyrrhotite,  from  the  same 
locality.  Collected  by  Dr.  Selwyn.  A  fine,  granular,  massive  pyrrho- 
tite, through  which  was  disseminated  a  little  quartzose  gangue.  5. 
Pyrrhotite,  with  a  dark-grey  gneissoid  rock.  Examined  for  Mr. 
Mather.  6.  Pyrrhotite,  with  a  little  pyrite,  in  quartz  mica-diorite- 
Examined  for  Mr.  W.  C.  Caldwell.  7.  A  dark  grey  gneissoid  rock, 
through  which  was  disseminated  a  fairly  large  amount  of  pyrrhotite, 
and  a  trifling  quantity  of  chalcopyrite.  8.  A  compact,  massive  pyrrho- 
tite. Examined  for  Mr.  E.  1).  Orde.  9.  A  massive  pyrrhotite,  in 
association  with  very  small  quantities  of  pyrite  in  quartz.  Collected 
by  Mr.  F.  D.  Adams.  10.  A  compact,  massive  pyrrhotite,  with  a  little 
pyrite,  and  trifling  amounts  of  chalcopyrite  and  quartz.  Examined 
for  Mr.  R.  II.  G.  Chapman.  11.  Massive  pyrrhotite,  with  very  small 
quantities  of  chalcopyrite,  quartz  and  felspar.  Collected  by  Dr.  F.  D. 
Adams.    12.  Quartz,  carrying  some  pyrrhotite,  and  a  small  quantity 
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of  pyrite.  13.  Lot  and  concession  not  communicated.  Massive  pyrrho- 
tite,  with  a  very  trifling  amount  of  calcite.  14.  Quartz,  a  little  felds- 
par, and  a  very  little  garnet,  carrying  a  small  quantity  of  pyrite  and 
pyrrhotite.  Collected  by  Dr.  I\  D.  Adams.  15.  Pyrrhotite,  with 
quartz,  and  a  little  garnet.  Number  of  lot  and  concession  not  com- 
municated. 16.  A  compact,  massive  pyrrhotite.  17.  From  E.  V. 
Wright's  claim,  north  of  Northeast  arm  of  Lake  Timagarni.  A  very 
fine  crystalline,  massive  pyrite,  in  a  gangue  of  quartz-diorite.  Col- 
lected by  Mr.  A.  E.  Barlow.  18.  Pyrrhotite,  with  mica  and  but  little 
visible  .quartz.  Collected  by  Mr.  W.  Mclnnes.  20.  A  very  fine,  gran- 
ular pyrite  with  small  quantities  of  pyrrhotite.  21.  Compact  massive 
pyrrhotite,  with  a  little  pyrite,  and  a  small  quantity  of  quartz.  22. 
Compact,  massive  pyrrhotite,  with  small  quantities  of  chalcopyrite 
ami  pyrite,  in  a  gangue  of  calcite,  pyroxene,  some  hornblende,  feldspar 
and  a  little  garnet.  Examined  for  Mr.  L.  Meany.  23.  Quartz,  with  a 
little  hornblende,  carrying  large  quantities  of  pyrite  and  pyrrhotite. 
Examined  for  Mr.  T.  B.  Caldwell.  24.  Compact,  massive  pyrrhotite, 
with  a  small  quantity  of  quartz  and  hornblende-gneiss.  25.  Compact, 
massive  pyrrhotite,  with  a  few  particles  of  chalcopyrite,  and  a  small 
quantity  of  gangue,  mainly  quartz  and  feldspar,  with  a  very  little  gar- 
net. Examined  for  Mr.  A.  H.  N.  Bruce.  26.  Pyrrhotite,  with  a  little 
chalcopyrite,  apatite  and  hornblende.  27.  Massive  pyrite,  associated 
with  pyrrhotite,  chalcopyrite  and  danaite  (cobaltiferous  arsenopyrite). 
28.  A  massive  pyrrhotite,  with  which  was  associated  a  little  chalcopy- 
rite and  a  somewhat  large  proportion  of  gangue  (vitrophyre-tuff.)  29. 
Granular,  massive  pyrrhotite,  with  a  very  little  chalcopyrite,  with  a 
little  gangue  of  feldspar,  quartz  and  hornblende.  Examined  for  Mr. 
J.  Bawden. 
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EXPLANATIONS. 

30.  Pyrrhotite,  in  gangue  of  hornblende  schist.  Collected  by  Mr. 
Walter  McOuat  (Survey)  in  1872.  31.  Pyrrhotite,  chalcopyrite  and 
pyrite,  with  small  amount  of  gangue.  One  specimen  contained  a  very 
small  amount,  and  the  other  a  trace  of  nickel.  32.  Pyrrhotite,  but 
the  material  does  not,  so  far  as  is  known,  occur  in  quantity.  33.  A 
massive  pyrrhotite.  Examined  for  Mr.  W.  A.  Allan.  34.  Pyrrhotite, 
almost  pure,  or  with  quartz,  feldspar,  mica,  hornblende  and  calcitc. 
35.  Massive  pyrite,  with  a  few  particles  of  chalcopyrite,  and  a  some- 
what larger  proportion  of  granite.  36.  Massive  pyrrhotite,  with  a  very 
little  quartz.  37.  Taken  from  a  different  part  of  the  deposit.  Pyrrho- 
tite, a  little  pyrite  and  a  very  small  amount  of  gangue  of  black  garnet 
and  pyroxene,  and  a  very  little  quartz.  Nos.  36  and  37  were  examined 
for  Mr.  W.  L.  Marler. 
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bia  river.  

Iron  Cult  claim,  Trail 
creek,  Columbia 

river  

Banbury  claim,  near 
Lac  le  Boia,  Inte- 
rior Plateau  region 
Humphrey  claim, 
Lac  le  Boia.  Inte- 
rior Plateau  re- 
gion  ... 

Quarts  creek  (Sal- 
mon R.),  20  miles 
south  of  Nelson . . . 
Kootenay-Colum  b  i  a 
property,  \\  miles 
N.E.  of  Rossland. 
Queen  Victoria 
claim,  8  miles  W. 

of  Nelson   

Evening  Star  mine, 
E.  slope  Mt.  Monte 
Cristo,  1  mile  N.  of 
Rowland. 
Leviathan  Group  of 
claims,  Campbell 
creek,  E.  side  of 
Kootenay  lake. .  . . 
R.  &  K.  claim,  I  mile 
X.  of  Argenta, 
W.  Kootenay 

diat  

Kennedy  lake,  W. 
coast,  Vancouver 
inland  .... 


61 


Two  St.sttrsand  Crow 
claim,  Deer  creek, 
Clayoquot,   V  a  n  - 

couver  island  

N.E.  1  Section,  Block 
I..  W.  side  of  Tex- 

ada  island  

Near  Kruonot,  W. 
coast  Vancouver 

island   . 

Mt,  W.  of  Ice  river, 
6  miles  from  forks 
with  Beaverfoot 
R.,  East  Kootenay 

district  

N.   bank  of  the 
Thompson,  about  5 
miles  above  Lyt- 
ton,  Yale  district 
66  Shuawap  lake,  


64 


65 


14  50 

1783 

59  20 


Cu. 


Ni. 


Present. 
Present. 


0  20 
0  065 

0  04 


Co. 


Strong 

trace. 

Strong 

trace. 

Trace, 


Ni.  in 
metal- 
lic 
per- 
tion. 


0  13 


0-234 


0  08 


Trace.   0  10 


Trace. 


29  03 
37  15 

62  73 

61  84 


Present. 


Present. 


Present, 


Present. 


Present. 


7  r,o 


41  00 


0  20 


17  72 
15  75 


0  65 


Trace. 


0  43  iTrace. 


0  <>2 


o-«w 


Analyst. 


F.  G.  Wait 


F.  G.  Wait. 


F.  G.  Wait. 


F.  G.  Wait. 


F.  G.  Wait. 


F.  O.  Wait. 


F.  G.  Wait. 


Present. 


Faint 
trace. 1 


Present.  Trace. 


0  25 

0  06 

0  06 
0  15 


0  59  N1.0  67  F.  G.  Wait. 

[Co.lM* 


None.!  0  16 


Trace,  i  0  16 


0  69  Trace. 


1  70 


Present. 
Present. 


0  12  None.  0  12 


0  08 
Trace. 


Trace. 

None. 


F.  G. 

F.  G.  Wait. 
F.  G.  Wait 

F.  G.  Wait 

R.  A.  A.  Johnston. 

F.  G.  Wait 

F.  G.  Wait. 


0  007 


F.  G.  Wait. 
F.  (J.  Wait. 
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EXPLANATIONS. 

88.  A  massive  pyrrhotite.  Examined  for  Capt.  J.  Jaques.  39.  An 
association  of  white  translucent  quartz  and  dark  green  diorite,  carry- 
ing large  quantities  of  pyrrhotite,  and  a  little  chalcopyrite.  40. 
Pyrrhotite,  with  a  little  chalcopyrite,  and  a  small  quantity  of  a  dark 
green  rock.  41.  Quartzo-feldspathic  rock,  with  a  large  amount  of  pyrr- 
hotite. Examined  for  Mr.  J.  D.  Boyd.  42.  Pyrrhotite,  with  a  very 
small  amount  of  chalcopyrite,  in  quartz.  43.  Pyrrhotite,  with  small 
quantities  of  chalcopyrite  and  graphite,  quartz,  feldspar  and  mica. 
These  two  last  were  examined  for  Cockle  Bros.  44.  Massive  pyrrho- 
tite, with  a  few  specks  of  chalcopyrite,  and  a  small  quantity  of  quartz. 
Examined  for  Mr.  J.  Dickenson.  45.  Pyrrhotite,  with  small  quanti- 
ties of  chalcopyrite.  46.  Fine,  granular  pyrrhotite,  with  small  quanti- 
ties of  pyrite  and  chalcopyrite,  and  a  somewhat  large  proportion  of 
gangue.  Examined  for  Mr.  D.  Elliott.  47.  Pyrrhotite,  with  some 
chalcopyrite,  and  a  little  galena,  with  a  small  proportion  of  gangue, 
composed  of  quartz  and  fine-grained  diorite.  48.  Compact,  massive 
pyrrhotite,  through  which  was  disseminated  very  small  quantities  of 
quartz.  Examined  for  Mr.  H.  E.  Porter.  49.  Quartz,  with  a  little 
chlorite  and  mica,  carrying  small  quantities  of  a  compact,  massive 
pyrrhotite,  a  little  pyrite  and  a  few  specks  of  chalcopyrite.  Exam- 
ined for  Mr.  R.  Sanderson.  50.  Pyrrhotite,  with  a  little  cnalcopyrite, 
and  small  quantities  of  quartzose  gangue.  51.  Exceedingly  fine- 
grained pyrrhotite,  with  a  little  chalcopyrite,  and  small  quantities  of 
a  quartzose  gangue.  52.  A  feldspathic  rock,  carrying  small  quantities 
of  pyrrhotite.  53.  Quartzo-feldspathic  rock,  carrying  small  quantities 
of  pyrrhotite.  54.  Pyrrhotite  and  pyrite,  with  small  quantities  of 
calcite  and  feldspar.  55.  Pyrrhotite  and  chalcopyrite,  with  a  little 
gersdorffite,  in  a  somewhat  calcareous  gangue.  56.  Pyrite  and  chal- 
copyrite, with  some  pyrrhotite,  in  a  gangue  of  andradite,  quartz,  and 
a  few  scales  of  mica.  57.  Arsenopyrite  and  chalcopyrite,  in  a  gangue 
of  hornblende  and  calcite.  Danaite  or  cobaltiferous  arsenopyrite, 
carrying  3  05  per  cent  cobalt,  also  occurs  at  this  mine  (Ann.  Rep. 
Gcol.  Surv.  Can.,  Vol.  VITT,  1895,  Part  R,  p.  13).  58.  Quartz,  with 
a  little  feldspar,  hornblende  and  graphite,  with  a  small  quantity  of 
pyrrhotite,  and  a  very  little  chalcopyrite.  Examined  for  Mr.  F.  W. 
Pettit.  59.  Massive  pyrrhotite,  with  a  very  little  chalcopyrite,  and  a 
trifling  amount  of  quartz  and  feldspar.  Examined  for  Mr.  J.  Turner. 
60.  Massive  pyrrhotite,  with  a  few  particles  of  chalcopyrite,  and  a 
small  quantity  of  gangue,  made  up  mainly  of  garnet  and  calcite,  with 
a  little  quartz  and  hornblende.  61.  Chalcopyrite,  with  some  pyrrho- 
tite, and  a  small  quantity  of  quartz.   Examined  for  Mr.  F.  Jacobsen. 
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82.  Very  fine,  granular,  massive  pyrrhotite.  Examined  for  Mr.  Alfred 
Raper.  63.  Granular,  massive  pyrrhotite,  with  a  very  little  chalcopy- 
rite.  Examined  for  Mr.  G.  H.  Franklin.  64.  Compact,  massive 
pyrrhotite,  with  a  little  quartz.-  Examined  for  Mr.  James  Walker. 
65.  Fine,  granular,  massive  pyrrhotite,  with  some  pyrite,  and  very 
little  chalcopyrite,  with  a  gangue  mainly  of  hornblende  and  quartz. 
Exarnined  for  Mr.  Geo.  de  Wolf.  66.  Compact;  massive  pyrrhotite, 
with  a  little  chalcopyrite,  and  a  somewhat  large  quantity  of  quartz. 
Examined  for  Mr.  J.  T.  Edwards. 


NEW  BRUNSWICK. 


No. 

Locality. 

Gangue. 

Cu. 

Ni..  Co. 

j  Ni.  in  metal-| 
J    lie  portion. j 

Analyst. 

67. 

L'Etete,  Charlotte  co 

■  .  •  •      >  *  . 

present. 

present . 

R.  A.  A.  Johnston. 

EXPLANATION. 

67.  Pyrrhotite,  like  that  from  St.  Stephen,  with  a  little  chalcopy- 
rite in  a  gangue  of  diorite. 


NOVA  SCOTIA. 


No. 

Locality. 

Gangue. 

Cu. 

Ni. 

Co. 

Ni.  in  metal-' 
lie  portion,  j 

Analyst. 

68. 
69. 

70. 

Barrachois  harbour, 

Lute  be  creek,  Cape 

Breton  co  

Boularderie  Centre, 

25  40 
12  41 

present. 

trace. . 
0  75 
0  07 

none  . 
trace. . 
trace.. 

trace.. 
1  00 
0  08 

K.  A.  A.  Johnston. 
F.G.  Wait. 
F.  G.  Wait. 

EXPLANATION. 

68.  Pyrrhotite.  Examined  for  Mr.  Alex.  McLeod.  69.  Pyrrhotite, 
with  a  somewhat  large  amount  of  siliceous  gangue,  from  the  land  of 
Mrs.  O'Hanley,  on  the  rear  of  George  river.  Examined  for  Mr.  Alex. 
McLeod.  70.  Massive  pyrrhotite,  with  a  few  particles  of  chalcopyrite, 
and  a  little  hornblende  and  quartz.  Examined  for  Mr,  William 
Haggerty. 
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MISCELLANEOUS. 


No. 

71 

72 

Locality. 

Gangue. 

Cu. 

Ni. 

Co. 

3§ 

l'c 

Analyst 

Deer  river,  (tributaiy 
of  Churchill  R.).. . . 

Island,  off  W.  point 
of  Kogaluk  R.Eaat 
coast,  Hudson  bay, 
Ungava  district. . 

42  20 
48  00 

0  06 
0  08 

Trace. 

Pre- 
sent 

0  10 
015 

F.  G.  Wait 

• 

R.  A.  A.  Johnston. 

EXPLANATIONS. 

71.  Pyrrhotite  in  a  gangue  of  quartz,  feldspar,  and  a  little  mica 
and  graphite.  Collected  by  Mr.  D.  B.  Dowling.  72.  Massive  pyrrho- 
tite, with  a  largo  amount  of  quartz. 


THE  NICKEL  DEPOS1T8  OF  SCANDINAVIA. 

The  nickel  deposits  of  Norway  and  Sweden  are  of  especial  interest 
to  us,  since  they  resemble  in  all  essential  particulars  the  larger  and 
richer  deposits  of  the  Sudbury  district.  It  would  be  impossible,  with- 
in the  scope  of  the  present  bulletin,  to  give  a  full,  or  even  satisfactory, 
account  of  these  occurrences,  and  the  various  phenomena  attendant 
on  their  geological  associations,  and  the  reader  is  referred  for  such 
details  to  the  elaborate  and  epoch-making  work  of  Prof.  J.  H.  L.  Vogt, 
of  Christiania,  Norway  (*). 

All  of  the  Scandinavian  nickel  deposits  are  intimately  related  to 
masses  of  gabbro  or  norite.  In  Norway  there  are  about  forty  of  the*o 
masses  with  which  deposits  of  nickeliferous  pyrrhotite  are  associated, 
these  being  the  largest  nickel  deposits  in  Europe. 

These  masses,  which  are  undoubtebtedly  of  igneous  origin,  are 
either  composed  of  gabbro,  which  is  essentially  an  admixture  of  pla- 


(1)  Vogt,  J.  H.  L..  '  Nikkei  forekomster  og  Nikkelproduktion.'  Geol.  Soc, 
Norway,  Ohristiania,  1892.  '  Sulphidische  Au8scheidungen  von  Nickelsulp-hi 
derzen,'  Zelt.  fur  Prak.  Geol.,  1893,  also  1894,  1896.  1900  and  1901.  '  Ueber 
die  Bildhing  von  ErslagerstaUen  durch  Differentlatlonprocesae  In  ErupUv- 
cuagmaten.'  International  Geol.  Congress,  Zurich  1894.  'The  Formation 
of  Eruptive  Ore  Deposits.'  Min.  Ind.  Vol.  IV.,  1896.  '  Problems  in  the  Oeo- 
lopy  of  Ore  Deposits.'  Trans.  Am.  Inst.  Mln.  Eng.,  Richmond,  1901.  'Plat- 
tngehalt  in  norwegiecbon  Nickeler*.'    Zelt.  fur  Prak.  Geol.,  Aug.,  1902 
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gioclase  feldspar  and  augite,  or  of  norite,  a  closely  related  rock,  made 
up  principally  of  plo^ioclaso  feldspar  and  hypcrstheuc  (rhombic 
pyroxene).  These  masses  of  gabbroic  material  occur  in  the  Archaean 
hornblende  schists  and  gneisses,  generally  intruded  parallel  to  their 
foliation  or  lamination  but  often  cutting  across  them.  The  norite  of 
all  these  masses  shows  a  remarkable  tendency  to  differentiation,  so 
that  the  same  mass,  in  different  parts  of  its  extent,  will  vary  greatly 
in  the  relative  proportions  of  the  constituent  minerals.  The  principal 
types  of  such  differentiates  are  often  distinguished  as  gabbro,  olivine 
gabbro.  and  pyrrhotite  gabbro  and  norite,  olivine  norite  and  pyrrho- 
tite  norite,  while  the  decomposed  representative  is  distinguished  as 
uralite-gabbro. 

The  ore  is  chiefly  pyrrhotite,  containing,  when  pure,  from  2  *5  to  5 
per  cent  of  nickel  and  cobalt,  but  as  much  as  7  per  cent  is  sometimes 
found.  These  metals  are  usually  present  in  the  proportion  of  one 
part  of  cobalt  to  from  seven  to  twelve  parts  of  nickel.  Associated 
with  the  pyrrhotite  (FesSo)  are  pyrite  (FeS2),  chalcopyrite 
(CuFeS,),  and,  in  some  places,  ilmenite  or  titaniferous  magnetite. 
Chalcopyrite  is  never  present  in  large  amount.  The  pyrite  usually 
contains  more  cobalt  than  nickel.  In  the  nickel  ore,  in  a  few  places, 
the  mineral  pentlandite  (eisennickBlkies),  is  distinctly  discernible, 
and,  in  a  single  case,  the  mineral  cobaltite. 

The  pyrrhotite,  chalcopyrite  and  pyrite,  are  regular  constituents 
of  the  gabbro  or  norite,  occurring  in  small  quantities  all  through  the 
various  masses,  but,  like  the  other  constituents  of  the  rock,  are  found 
more  abundantly  in  certain  places,  and  a  gradual  transitition  can 
often  be  observed  from  the  normal  gabbro  to  pyrrhotite  gabbro,  and  to 
masses  of  pure  pyrrhotite,  with  little  or  no  rocky  or  silicate  admixture. 
Occasionally,  the  ore  occurs  in  masses  sharply  separated  from  the 
norite,  as  at  the  Ertelien  mine.  These  segregations  of  ore  are,  in  the 
great  majority  of  cases,  situated  either  directly  at  or  near  the  edge 
of  the  igneous  masses,  and  Vogt  regards  these  concentrations  as  dis- 
tinctly comparable  to  the  basic  borders  or  edges,  so  often  observed 
about  granites  and  other  igneous  rocks,  in  which  the  basic  borders 
are  sometimes  marked  by  similar  gradual  passages,  and,  in  some 
cases,  by  rather  abrupt  transitions. 

Prof.  Vogt  draws  attention  to  the  fact  that  the  average  proportion 
of  nickel  to  copper  in  the  Norwegian  ores  is  about  100  to  40  or  50 
and  that  in  the  Varallo  (Piedmont,  Italy)  occurrence  about  the  same 
proportion  holds  good,  while  in  Canada,  where  the  associated  igneous 
rocks  are  more  acid  in  composition,  there  is  sometimes  relatively 
more  copper,  100  parts  nickel  to  100  or  150  parts  of  copper  being 
found  in  some  of  the  deposits. 
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Ratio  of  Nickel  to  Copper  in  8orae  of  the  moat  important  of  the 

Scandinavian  mines. 


• 

Name  of  Mine. 

Content  of  copper 
corresponding 
to  100  parts  of 
nickel. 

Percentages  of  nickel 
and  cobalt  in 

t>l«A  1  _Hub1l  t  ■  t  

tne  pure  pyrruotite. 

75  80 

about  2  50 

55 

ii     2  75-3  00 

45-50 

3  00 

Bamlo  district  

85-40 

3  50-4  00 

37 

450 

85-40  (about) 

,.     3  50-4  00 

30-85 

..     3  80-4  20 

20-25  (about) 

7  00 

The  Scandinavian  ores  also  contain  small  quantities  of  silver, 
gold,  and  metals  of  the  platinum  group,  including  platinum,  iridium 
and  osmium.  The  amount  of  these  metals  is  shown  by  the  following 
analyses  of  the  matte,  from  the  Ringerike  and  Evje  nickel  smelters. 

0) 


ickel  

Cobalt.  .. 

Copper  

Iron  

Sulphur  

Silver ........ 

Gold  

Platinum  . . 
Iridium  

Osmium  


The  mineral  associations  of  the  precious  metals  are  shown  by  the 
following  table  (2)  of  analyses  of  the  ore  from  the  Flaad  mine  at 
Evje. 

(1)  Zeit.  fur  Prak.  V.coL,  Aug.,  1902,  p.  259. 

(2)  Zeit  fiir  Prak.  Geol.,  Aug.,  1902,  p.  258. 


Riugerike 

r 

51  16 

41  50 

1  98 

0  97 

16  41 

23  60 

10  87 

(13) 

19  58 

(20) 

g.  per  t. 

g.  per  t. 

85 

140 

0  5 

1 (about) 

26 

3 (about) 

|    01  (about) 
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Pyrrhotite  (mainly) 


Ni  &  Co. 


Cu. 


Insoluble. 


A  . 


Au. 


Pt. 


0 


Chalcopyrito  and  pyrrhotite. 
Cbalcopyrite  


4  37 

f>0 

2  HO 

3  31 

2  GO 
1  70 


% 

0  36 

OHO1 
0  21 
0  67 

8  00 
13  33 


9  02  4  Trace. 
16  00  Trace.!  0 


20-63 


17  46  Trace. 


18  90 
14  40 


6 


0,.. 


44  Trace.  I  

48  .Trace. 


37 
80 


Trace. 


Mining  for  nickel  began  in  Sweden  between  1838  and  1840,  at 
Klefva,  (Smaland),  and  in  Norway  between  1847-50  at  Espedal  and 
Ringerike.    In  1838,  Berzenus  showed  that  the  pyrrhotite  from  the 
Klevja  mine,  in  Smaland,  in  southern  Sweden,  contained  nickel. 
Before  that  time  this  mine  had  been  worked  for  copper.   When  the 
fact  was  announced  that  the  ore  contained  about  3  per  cent  nickel 
it  was  decided  to  erect  a  smelting  plant  for  nickel,  this  being  the 
oldest  nickel  smelting  plant  in  Scandinavia.    In  the  beginning  of 
1840  Th.  Scheerer,  the  professor  of  metallurgy  in  the  University  of 
Christiania  (who  had  been  born  in  Saxony,  and  was  manager  o*f  the 
Modums  works),  described  the  new  mineral  eisennickelkies  (with  22 
per  cent  of  nickel),  from  Espedalen  (Gausdal).    Scheerer  also  an- 
nounced that  nearly  all  the  ^Norwegian  pyrrhotite  and  pyrite  con- 
tained nickel  and  cobalt.  The  publication  of  these  results  was  really 
the  cause  of  the  erection  of  the  nickel  plant  at  Espedalen,  which  was 
in  operation,  on  a  large  scale,  between  1840  and  1850,  with  a  staff  of 
200  men.    This  smelter,  however,  was  closed  down  about  1855.  In 
1837  Scheerer  analyzed  the  pyrrhotite  from  Modums,  and  found  it 
to  contain  2  -80  per  cent  of  nickel.  This  pyrrhotite  had  been  obtained 
from  the  Ertelien  mine,  which,  later  on,  proved  to  be  the  chief  mine 
supplying  the  Ringerike  nickel  smelter.   About  1700,  these  works  had 
been  used  for  copper,  and  had,  in  the  first  half  of  the  century,  a 
small  plant  for  the  production  of  vitriol  and  red  paint.  Scheerer 
supplied  information  to  his  friend,  A.  Roscher,  (who  is  described  as 
being  descended  from  a  mining  engineer),  as  to  where  he  had  found 
the  pyrrhotite..  This  man  had  also  been  working  in  connexion  with 
the  paint  plant  at  Modums  and  Snarums.    All  of  these  facts  com- 
bined helped  to  bring  about  the  establishment  of  the  nickel  industry 
in  Scandinavia. 
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Between  1860  and  1860,  and  toward*  the  latter  end  of  this  decade, 
the  nickel  mines  in  connexion  with  the  Kragero  nickel  smelter  were 
started  by  D.  Forbes  and  the  two  brothers  J.  and  T.  Dahll.  During 
the  nickel  boom  about  1870  there  were  several  nickel  refineries  located 
in  Norway,  while,  at  the  same  time,  the  plants  of  Sweden.  Austria- 
Hungary,  and  Italy,  supplied  a  large  quantity  of  nickel,  but  Norway, 
during  this  period,  was  the  largest  producer  of  nickel  in  the  world. 
After  the  discovery  of  the  nickel  in  2\ew  Caledonia,  and  its  advent  on 
the  market  between  1876  and  1878,  the  price  of  nickel  fell  to  such  a 
degree  that  most  of  the  European  nickel  smelters  closed  down,  or 
decreased  their  production,  and  from  1877-80  up  to  1888-89  New 
Caledonia  produced  from  two-thirds  to  three-fourths  of  all  the  nickel 
in  the  market.  Quite  recently  the  production  of  nickel  from  New 
Caledonia,  has,  in  turn,  been  exceeded  by  that  of  Canada. 

From  1848  to  1892  about  330,000  metric  tons  of  nickel  ore  were 
mined  in  Norway.  The  maximum  yearly  output  was  in  1876,  when 
42,500  tons  were  mined.  From  that  time,  until  1892,  from  6,000  to 
7,000  tons  per  annum  were  produced.  The  average  nickel  contents 
of  the  ore  per  annum  have  been  as  follows;  1851-1860,  twenty  tons; 
1861-1872,  forty-five  tons;  1873-1876,  245  tons;  1876,  360  tons;  1877- 
1880,  100  tons;  1881-1885,  125  tons;  1886-1892,  105  tons. 

Since  1892  the  production  of  Norwegian  nickel  ore  and  nickel, 
has  been  as  follows. 

Nickel  Ore        Value  Metallic  Nickel  Value 
metric  tons.  *       metric  tons.  $ 

1893   2,397         6,480         113  70,605 


1894    2,355  5,400  103  63,450 

1895   494  1,080  17  10,530 

1896   315    16  8,100 

1897   nil    nil   

1898   nil    nil   

1899   220  810  5  2,700 

1900   1,888  12,690  13  9,720 


In  1901  the  Mineral  Industry  states  that  twenty-seven  tons  of 
nickel  were  produced  from  Norwegian  ores,  but  this  is  included  in  the 
TTnited  States  production  from  imported  ores. 

In  some  of  the  mines  small  bodies  of  rich  ore  have  been  found,  as 
for  example,  at  Bciern,  where  ore  was  encountered  with  an  average 
of  7  per  cent  nickel  (nickel-bearing  pyrite  and  pyrrhotite);  and  in 
other  places  with  an  average  of  about  5-5  per  cent.  In  the  better 
mines  first  class  smelting  ore  can  often  be  sorted  out,  but  the  grade 
of  the  bulk  of  the  ore  is  much  lower.   In  1870  miners  were  satisfied 
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with  a  yield  of  0*8  to  1-3  per  cent  of  nickel  from  the  smelting  ore, 
the  actual  assay*  of  which  were  from  0*9  to  1.5  per  cent.  In  later 
years,  when  only  the  richer  mines  have  been  operated,  and  hand 
sorting  has  been  practiced  with  more  care,  the  yield  has  increased 
from  1-4  to  1-5  per  cent,  almost  to  2-5  per  cent,  with  an  average  of 
2  per  cent.  In  the  mines  the  cost  of  producing  one  ton  of  ore,  assay- 
ing about  2  per  cent  nickel,  varies  from  $1.67  to  $3.09,  averaging 
$2.38  0) 

From  1861  to  1891  Sweden  produced  nearly  80,000  tons  of  ore. 
From  1866  to  1875  the  nickel  contained  in  the  Swedish  ores  averaged 
from  sixty-five  to  seventy. tons  per  annum;  1876-80,  fifty  tons;  1881- 
85,  twenty  to  forty  tons.  Since  1886,  however,  the  nickel  contained  in 
these  ores  has  only  averaged  from  ten  to  fifteen  tons  per  annum.  The 
last  year  in  which  there  was  any  production  of  Swedish  nickel  ore 
was  in  1891,  when  483  tons  were  mined.  None  of  the  Norwegian 
mines  are  at  present  in  operation,  although  attempts  are  being  made 
to  revive  the  nickel  industry  in  that  country.  The  keen  rivalry  of 
Canada  and  New  Caledonia  will,  however,  prevent  any  extensive 
operations,  at  least  for  many  years  to  come. 

NICKEL  IN  EUROPE. 

Nickel  was  first  produced  at  SchneebuTg,  on  the  suggestion  of  Dr. 
Geitner,  who  erected  a  plant  for  the  manufacture  of  the  alloy  known 
as  'new  silver.'  They  used,  as  their  raw  material,  the  dumps  from 
the  cobalt  works.  These  dumps  were  soon  exhausted,  and  it  became 
necessary  to  prospect  for  nickel  ore.  Early  in  the  last  century  several 
small  nickel  deposits  were  discovered  in  Germany  and  Austria-Hun- 
grary,  as  for  instance  at  Dillenburg,  in  Nassau,  which  was  provided 
with  a  smelting  plant  in  1843,  Dobschau,  in  Hungary,  etc. 

The  nickel  deposits  of  Varallo,  in  Piedmont,  Italy,  are  very  closely 
analogous  to  the  Norwegian  occurrences,  but  the  ore  bodies  are  much 
smaller  in  size.  The  mines,  which  are  at  Cevia  and  Sella  Bassa,  were 
worked  and  the  ore  smelted  between  the  years  1860  and  1870,  the 
smelter  being  operated  by  the  same  company  as  the  Schneeburg  works 
in  Saxony.  Badoureau  gives  the  production  as  about  fifty-four  tons 
of  metallic  nickel  a  year.  (*) 

In  Spain,  in  1875,  they  mined  440  tons  of  ore,  but  the  ore  bodies 
were  not  operated  after  1877  or  1878.  The  mines  which  were  situated 
in  the  province  of  Malaga  were  on  small  deposits  of  nickel  silicate 
(pimelite)  with  3-96  per  cent  of  nickel. 

(1)  Zelt.  fOr  Prak.  Geol.,  1893.  p.  143. 
(1)  Anaales  dea  Mines.  1877. 


170  GEOLOGICAL  SURVEY  OP  CANADA 

At  Bewdinsk,  in  Russia,  attempts  have  been  made  several  times, 
to  mine  the  deposits  of  the  nickel-magnesia-silicates  (rewdinskite) 
with  4-8  to  19-2  per  cent  of  nickel  oxide,  but  the  deposit  is  small  In 
1873,  47-4  tons  of  ore  were  mined,  and  in  1887,  4-9  tons  of  metallic 
nickel  were  produced  in  the  first  three  months,  from  which  they  cal- 
culated the  yearly  production  at  40*9  tons  of  nickeL 

In  Wales,  in  1882,  thirty-eight  tons  and  in  1883,  forty-nine  tons 
of  ore  were  mined,  containing  1-4  per  cent  of  cobalt  and  0  7  per  cent 
of  nickel. 

Nickel  refining  is  quite  an  important  industry  in  Great  Britain, 
where  a  large  amount  of  foreign  nickel  ore  is  refined  at  the  various 
works.  The  most  important  of  these  nickel  refineries  are  at  Kirkin- 
tilloch (near  Glasgow),  in  Scotland,  and  at  Erdington  (near  Birming- 
ham) in  England.  Both  of  these  belong  to  '  Le  Nickel,'  of  New 
Caledonia,  and  are  principally  using  garnierite  as  ore.  Vivian  and 
Sons'  old  and  well  known  copper  and  nickel  refinery  at  Swansea* 
Wales,  the  Mond  Nickel  Co's.  refineries  at  Clydach  (near  Swansea) 
and  Smethwick  (near  Birmingham),  as  well  as  the  Wiggin's  refinery 
in  Birmingham,  are,  for  the  most  part,  working  with  foreign  nickel 
sulphide  material. 

In  France,  no  nickel  ore  has  been  mined,  but  after  the  discovery 
of  the  New  Caledonia  ore  several  refineries  wore  erected,  the  first  one 
being  at  Septemes,  near  Marseilles,  where,  from  1876  to  1882,  experi- 
ments were  conducted  on  a  largo  scale  for  producing  ferro-nickel. 
ChristonVs  well  known  works  at  St.  Denis,  near  Paris,  between  1870 
and  1880  produced  about  120  tons  of  metallic  nickel  yearly.  Later  on 
the  'Le  Nickel*  plant  at  Havre  was  erected.  The  copper  plant  at 
Eguilles  (Vancluse,  near  Lyons)  has  several  times  conducted  experi- 
ments in  the  refining  of  nickel  nnd  nt  the  Paris  exhibition  of  1889 
several  samples  were  shown  produced  by  bessemerizing  according  to 
the  Manoh('*  process,  which  contained  from  91  to  95  per  cent  of  pure 
nickel.  (*) 

Lately,  however,  the  Martha  and  Benno  mines  in  Silesia,  Austria, 
have  produced  ore.  In  1899,  according  to  the  Mineral  Industry,  only 
eighty  tons  of  nickel  ore  were  mined,  but  this  rose  to  3,896  tons  in 
1900,  and  during  the  half  year  ending  June  30, 1902,  when  there  were 
1.036  labourers  employed  at  the  mines  find  works,  the  quantity  of  ore 
treated  was  5,689  tons,  which  yielded  108  tons  of  nickel.  The  mines 
are  situated  at  Kosemitz,  Ziisendorf  and  Glasendorf,  a  short  distance 
north  of  Frankenstein.    They  are  described  by  Illner.  0)    The  ore, 

(2)  J.  H.  L.  Vogt..  •  Nlkkelforekomster  or  Nlkkelproduktton/  Nor.  (tool. 
Soc.,  Chrlstlania,  1892.  pp.  S8-40. 

(1)  Zolt.  ftlr  daa  Berg-Hutten-und-SnllnftnwcHen.  No.  IV..  1802,  p.  816;  also 
Mineral  Industry.  Vol.  X..  1901.  pp.  486-486,  and  Vol.  XI.,  1902.  p.  486. 
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which  contains  from  0-5  to  3  per  cent  of  nickel,  fills  fissures  in  serpen- 
tine. Occasionally,  these  veins  carry  from  4  to  18  per  cent  of  nickel. 
Only  the  two  mines  already  mentioned  are  operated,  the  Martha 
having  two  shaft  furnaces,  capable  of  treating  fifty  tons  of  ore  daily. 
The  composition  of  the  ore  ranges  as  follows;  SiO,  60-65-4  per  cent; 
MgO  8-5-12  per  cent;  FeaOa  and  AlfcOs  6-8  per  cent;  Ni  2-3-3-6 
per  cent,  and  loss  on  ignition  8  to  15  per  cent.  Before  smelting  the 
ore  is  first  mixed  with  gypsum  or  with  calcium  sulphite  and  limestone, 
crushed  to  12mm.  size  and  pressed  into  bricks.  The  shaft  furnace  is 
5m.  high,  and  is  charged  with  the  bricks  and  coke  in  the  proportion  of 
180  kg.  of  the  former,  to  50  kg.  of  the  latter.  A  very  fluid  slag  is  pro- 
duced, containing  0-8  per  cent  of  nickel,  which  is  used  in  making  slag 
bricks.  The  matte  composed  of  about  31*4  per  cent  of  nickel,  49-7  per 
cent  of  iron  and  14-6  per  cent  of  sulphur,  is  crushed  and  subjected  to 
an  oxidizing  roast,  in  a  two-stage  reverberatory  furnace,  which  is 
6  •  13m.  wide,  and  has  a  capacity  of  300  kg.  in  eight  hours.  There  are 
four  furnaces  of  this  type  at  the  works.  The  roasted  matte,  contain- 
ing approximately  65  per  cent  of  nickel,  15  per  cent  of  iron  and  20 
per  cent  of  sulphur  is  run  into  a  bessemcr  converter  with  sufficient  sand 
to  slag  the  iron  oxide  and  is  blown  for  forty-five  minutes,  thus  raising 
the  tenor  in  nickel  to  77*8  per  cent.  This  fine  matte  is  pulverized 
and  treated  to  a  dead  roast  in  the  reverberatory,  which  converts  it 
into  a  greyish  green  nickel  oxide,  containing  77-6  per  cent  of  nickel. 
This  oxide  is  pulverized,  moistened,  cut  into  small  cubes,  dried  and 
charged  with  charcoal  into  fire  brick  muffles,  that  are  heated  in  a 
regenerative  gas  furnace.  After  three  hours'  treatment  in  this  fur- 
nace the  metal  contains  99  per  cent  of  nickel,  and  0-3  per  cent  of 
iron.  The  sulphur  dioxide  from  the  roasting  is  caught  in  water  and 
the  solution  neutralized  with  lime,  the  resulting  calcium  sulphide 
being  used  as  a  flux  in  the  shaft  furnace. 

Nickel  ore  is  known  to  occur  in  Greece,  Switzerland  and  Sardinia, 
but  in  none  of  these  countries  are  the  deposits  large  enough  to  permit 
of  them  being  mined  at  a  profit. 


NICKEL  IN  THE  UNITED  STATES. 

The  existence  of  nickel  in  the  United  States  was  probably  first 
made  known  in  1818,  when  Seth  Hunt  opened  up  the  cobalt  deposit, 
near  Chatham,  Conn.  This  important  announcement  was  made  as 
the  result  of  an  analysis  of  a  trial  shipment  of  this  ore  to  England. (*) 

These  mines  were  at  first  opened  for  their  supposed  silver  contents 

(1)  Whitney.  'The  Metallic  Wealth  of  the  United  State*/  1854  p.  497; 
also  Proc.  Col.  Sc.  Soc.,  Vol.  IV..  1891-93,  p.  SSI. 
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as  far  back  &s  1661.  They  were  not,  however,  very  remunerative  to 
their  successive  owners,  who  in  turn  tried  to  operate  them.  In  1762 
they  were  again  tried,  and  in  1770  several  parties  associated  them- 
selves together  for  the  purpose  of  operating  them  for  their  cobalt  con- 
tents. In  1787,  a  quantity  of  the  cobalt  was  shipped  to  China.  In 
1853,  a  creditable  exhibit  was  made  by  the  Chatham  Cobalt  Mining 
Co.  of  the  ore  from  their  mines  and  its  products. 

Perhaps  the  best  known  nickel  deposit  in  the  United  States  is  that 
situated  at  Lancaster  Gap,  in  Pennsylvania,  about  three  miles  south 
of  the  main  line  of  the  Pennsylvania  railroad,  and  a  little  over  fifty 
miles  west  of  Philadelphia. 

According  to  authentic  history  the  Gap  mines  had  been  worked 
for  their  copper  prior  to  the  year  1744,  and  tradition,  in  the  neigh- 
bourhood, states  that  they  were  discovered  about  the  year  1718.  For 
eighty  or  ninety  years  they  proved  unremunerative  to  the  four  or  five 
different  companies  who  tried  to  operate  them,  but  in  1849,  after  they 
had  been  lying  idle  for  thirty  or  forty  years,  the  Gap  Mining  Company 
was  formed,  to  again  open  them  up  for  copper.  This  company  obtained 
considerable  supplies  of  copper,  about  enough  to  pay  for  running 
expenses,  selling  their  product  to  copper  smelters  in  Boston  and  Balti- 
more. In  all  of  these  earlier  operations  the  millerite  and  pyrrhotite 
were  cast  aside  as  useless,  being  regarded  by  the  miners  as  ordinary 
'  mundic  '  or  pyritc.  In  the  beginning  of  1852,  however,  Capt.  Chas. 
Doble,  who  had  come  to  the  work,  first  as  a  miner,  but  who  subse- 
quently became  superintendent,  was  convinced  that  the  material  on  the 
dump  was  not  ordinary  sulphide  of  iron,  but  some  other  mineral.  An- 
alyses of  specimens,  sent  to  so-called  experts  in  Boston  and  Baltimore, 
were  unsatisfactory,  so  that,  in  the  latter  part  of  1852,  or  the  beginning 
of  185.3.  a  sample  was  sent  to  Prof.  F.  A.  Genth,  who,  after  analysis, 
pronounced  it  to  be  a  nickel  ore,  at  the  same  time  giving  the  per- 
centage of  pure  nickel  present.  The  mines,  which  had  hitherto  been 
known  as  the  Gap  Copper  mines,  changed  to  the  '  Gap  Nickel  mines/ 
but  the  expenses  of  mining  the  ore,  and  especially  the  difficulties  of 
the  smelting  operations,  rendered  the  enterprise  too  costly,  so  that  the 
whole  of  the  works  were  closed  down  in  1860.  0) 

In  November,  1862,  Joseph  Wharton  acquired  possession  of  the 
'  Gap  mine,'  and  the  deposit  became  a  nickel  producer  in  May,  1863, 
the  ore  obtained  being  treated  at  the  refinery  built  by  Wharton  at 
Camden,  opposite  Philadelphia.  The  development  of  the  New  Cale- 
donia mines  had,  in  1882,  reached  such  a  stage  that  the  world's  con- 
sumption of  metallic  nickel,  which  had  hitherto  been  about  800  tons 

(1)  2nd  Ocol.  Surv.  Penn..  '  The  Geology  of  Lancaster  co..'  CCC.  1880.  pp. 
163-176. 
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per  annum,  was  exceeded  by  several  hundred  tons.  On  account  of 
this  over-production  prices  immediately  fell  in  the  forced  sales,  and 
Wharton's  Camden  refinery  was  obliged  to  close  down  about  the  end 
of  this  year.  The  advent  in  large  quantities  into  the  market  of  the 
Sudbury  nickel  proved  a  further  disturbing  feature,  resulting  in  the 
final  closing  of  the  «  Gap  mine '  in  1891. 

The  dark,  basic  rock  whith  which  the  ore  body  at  the  Gap  mine  is 
associated  forms  a  lenticular  mass  or  stock,  extending  about  1,500  feet 
east  and  west  and  500  feet  north  and  south,  and  lying  in  the  midst  of 
mica  schists  of  the  Georgetown  series  of  Fraser.  The  rock  consists 
mostly  of  green  secondary  hornblende,  and  although  the  change  is 
very  thorough  recognizable  remains  of  orthorhombic  pyroxene  and  of 
olivine  were  revealed  after  careful  search  through  a  number  of  micro- 
scopic .slides.  Reddish-brown  biotite  is  present,  and,  in  some  instances, 
considerable  plagioclase  appears,  with  occasional  accessory  titanite. 
The  ore  consists  of  pyrrhotite  and  chalcopyrite  in  largest  amount,  but 
pyrite  is  not  lacking.  Crusts  of  secondary  millerite  are  also  encount- 
ered, and  often  this  mineral  furnished  a  not  unimportant  portion  of 
the  nickel  contents.  Although  some  ore  has  been  found  in  bunches 
within  the  lens-shaped  mass  of  rock,  the  productive  ground  lies  near 
the  walls.  The  ore  body  is  nearly,  if  not  quite  vertical,  and  the  depth 
reached  by  mining  was  250  feet,  while,  at  times,  the  workings  were  as 
much  as  thirty  feet  wide.  As  mined,  the  ore  contains  from  1-3  per  cent 
of  nickel,  0  "25  to  0  *75  per  cent  of  copper,  and  0 :5  to  0  '15  per  cent  of 
cobalt.  The  ore  is  believed  by  Prof.  Kemp,  (from  whose  description 
the  foregoing  information  has  been  obtained)  to  be  the  direct  result 
of  igneous  action,  the  ore  bodies  being  concentrated  as  such  by  reason 
of  magmatic  differentiation,  (2)  in  this  respect  resembling  the  Cana- 
dian, Norwegian  and  Italian  occurrences. 

The  '  Gap  mine '  at  one  time  produced  one-sixth  of  the  world's 
supply  of  nickel,  although  its  total  production  is  only  given  as  2,000 
tons. 

The  nickel  deposits  associated  with  the  peridotites  of  the  south- 
eastern Appalachians,  have,  from  time  to  time,  claimed  public  atten- 
tion and  several  attempts  have  been  made  not  only  to  ascertain  their 
true  economic  value  and  extent,  but  also  to  develop  them  to  the  stage 
of  producing  mines.  Probably  the  largest  and  best  known  of  these 
occurrences  is  situated  in  the  vicinity  of  the  town  of  Webster,  the 
capital  of  Jackson  county,  in  western  North  Carolina.  The  deposits 
in  question  underlie  a  strip  of  land  running  approximately  north  and 
south  a  distance  of  about  7,000  feet,  and  east  and  west  nearly  1,500 


(2)  Traa«.  Am.  Inet.  Min.  Eng.   Vol.  XXIV.,  1894,  p.  622-631. 
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feet.  The  north  end  of  the  deposit  immediately  adjoins,  to  the 
the  town  of  Webster.  The  nearest  railway  station  is  Dillsboro,  on 
the  Murphy1  branch  or  division  of  the  Southern  railway,  this  station 
being  48-9  miles  southwest  of  Asheville.  A  wagon  road  connects 
Dillsboro  and  Webster,  the  distance  being  about  3-5  miles.  The  ore 
is  very  closely  allied  to  the  celebrated  garnierite  or  noumeaite  from 
New  Caledonia.  It  is  a  hydrous  silicate  of  magnesium  and  nickel,  but 
very  variable  in  composition,  particularly  as  regards  the  mutual  re- 
placement of  nickel  and  magnesium.  It  is,  therefore,  not  a  homo- 
geneous compound.  It  is  amorphous,  filling  certain  cracks  with  en- 
crusting, delicate,  hemispherical,  or  stalactitic  forms,  usually  soft  and 
friable,  falling  to  pieces  in  water,  unctuous  to  the  touch,  and  adhering 
slightly  to  the  tongue.  It  varies,  in  colour,  from  pale  yellowish-green 
to  rather  deep  apple-green,  and  depth  of  colour  usually  accompanies 
an  increase  in  the  nickel  contents. 

Analyses  of  genthite  (niekel-gymnite),  from  Webster,  N.C. 

i  n 

%  % 

Silica                                        49-89  55-38 

Nickel  oxide                                16-60  17-84 

Magnesia                                   22-35  15-62 

Water                                      12-36  10-77 

Alumina    

FeaOs]Iron   0-56 

FeO  J  Oxide   0-06   

Cobalt  oxide    

Total   101-26  100-17 


Explanation. 

1.  Analyses  of  genthite,  from  Webster,  N.C,  by  Dunnington 
(Ch.  News,  25,270,  1872,  and  Dana,  System  of  Mineralogy,  6th  Ed., 
1892,  p.  676).  II.  Analysis  by  P.  H.  Walker,  (Am.  Chem.  Jour., 
10,  44,  1888,  also  Dana,  System  of  Mineralogy,  6th  Ed.,  1892,  p.  681). 

Although,  as  shown,  some  of  the  ore  contains  from  16  to  18  per  cent 
of  nickel  oxide,  no  very  large  amount  of  similarly  rich  material  could 
be  secured  in  mining,  and  most  of  the  rich  nickel  seams  are  occupied 
by  greenish  nickel  silicate,  which  will  assay  from  5  to  7  per  cent  of 
nickel  oxide.  Much  of  this  secondary  vein  matter  is  mixed  with  com- 
paratively barren,  partially  decomposed  peridotite,  so  that  it  would 
be  impossible  to  effect  a  separation,  on  an  economic  basis,  and  the 
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bulk  of  the  material  which  could  be  secured  as  ore  would  assay  from 
1  *50  per  cent  to  3  per  cent  of  nickel  oxide.  The  ore  assaying  from  2  to 
6  per  cent  of  nickel  contains,  in  addition,  0-02  to  0*10  per  cent  cobalt 
oxide.   These  nickel  deposits  are  found  in  intimate  association  with 
a  mass  of  peridotite,  made  up  principally  of  two  varieties,  which  are, 
doubtless,  differentiates  of  the  same  magma,  viz.:  dunite,  made  up 
almost  entirely  of  olivine  and  chromite,  and  websterite,  composed 
essentially  of  bright  green  diopside,  and  pale  brown  bronzite.  The 
mode  of  occurrence  and  origin  of  these  deposits    are  precisely 
analogous  to  those  occurring  in  New  Caledonia,  Oregon  and  else- 
where.   The  development  work  undertaken  consists  of  a  series  of 
parallel  trenches  or  ditches  which  are  excavated   in  some  cases 
simply  to  the  solid  rock  beneath,  and,  in  others,  to  a  uniform  depth, 
in  no  case  exceeding  thirty  feet.  These  trenches  are  designed  to  give 
an  idea  of  the  relative  abundance  and  disposition  of  the  veins  of 
silicate  material.   A  shaft  was  sunk,  but  to  what  depth  has  not  been 
learned,  while  considerable  prospecting  by  diamond  drill  has  also  been 
undertaken. 

Nickel  has,  for  many  years,  been  known  to  exist  in  considerable 
quantities  in  southern  Oregon,  and  some  of  the  deposits  are  regarded 
as  of  commercial  importance.  The  mineral  josephinite,  a  nickel-iron 
compound  (Ni.  60-45;  Fe.  23-22),  has  been  described  by  W-  H. 
Melville  as  occurring  in  the  form  of  pebbles  and  smooth  boulders  in 
the  placer  gravels  of  a  stream  in  Josephine  county,  Oregon,  which 
are  supposed  to  have  been  derived  from  some  dike  of  ultra-basic  rock, 
whose  location  has  not  yet  been  discovered.  0) 

Nickeliferous  pyrrhotite  has  also  been  noticed  in  both  Jackson  and 
Douglas  counties,  but  the  nickel  silicates  of  Douglas  county  are  the 
only  ores  which  appear  to  be  worthy  of  other  than  a  passing  notice. 

The  deposits  occur  near  the  small  village  of  Kiddles,  in  the  south- 
ern part  of  Douglas  county,  a  station  on  the  Oregon  and  California 
railway,  226  miles  from  Portland,  and  547  miles  from  San  Francisco. 
The  nickel  mines  are  situated  on  Piney  mountain,  about  three  miles 
west  of  Riddles,  and  are  connected  with  this  village  by  an  excellent 
wagon  road  of  easy  grades.  This  mountain,  as  its  name  implies,  is 
thickly  covered  by  forest,  rising  to  a  height  of  about  3,400  feet  above 
sea  level,  occurring  as  an  isolated  ridge  in  a  sea  of  other  mountains. 
It  is,  approximately,  1J  miles  long  by  1  mile  wide,  thus  embracing  an 
area  of  1J  square  miles,  in  which  nickel  deposits  might  be  expected 
to  occur.  The  rock  underlying  this  area  is  a  peridotite  or  '  saxonite,' 
composed  essentially  of  olivine  and  enstatite,  with  a  small  quantity  of 
accessory  chromite  and  magnetite.  The  olivine  predominates,  forming 

(1)  Amer.  Jour.  Sc.,  Vol.  XLIII,  1892,  pp.  509-515. 


Digitized  by  Google 


176 


GEOLOGICAL  SURVEY  OF  CANADA 


more  than  two-thirds  of  the  mass  of  the  rock.  The  ore  is  a  silicate 
of  nickel  and  magnesium,  and,  as  usual,  very  variable  in  composition. 
The  mode  of  occurrence  and  origin  of  ores  of  this  class  have  already 
been  discussed  in  detail,  and  the  Oregon  occurrence  presents  no  un- 
usual features  which  are  worthy  of  special  or  extended  reference. 
The  following  analyses  of  carefully  selected  material  will  illustrate 
the  chemical  composition  of  the  pure  nickel  mineral,  but  the  bulk  of 
the  ore  which  could  be  economically  secured  and  utilized,  would,  of 
course,  be  much  lower  in  nickel  contents. 


I 

n 

HI 

Loss  at  110°  C  

...  8-87 

6-63 

700 

6-99 

.... 

•  •  •  • 

AbOs  and  Fe=Oa.  .  .. 

..  11S 

1-38 

1:33 

SiO*  

..  44-73 

48-21 

40-55 

MgO  

.  .  10-56 

1990 

21-70 

NiO  

..  27-57 

23-88 

29-66 

Total  

..  99-90 

100  00 

100-24 

Explanation.— Analysis  I  is  by  F.  W.  Clarke,  (Am.  Jour.  Sc., 
Vol.  XXXV,  pp.  468-487;  Nos.  II  and  III  are  by  Dr.  Ilood,  (Min. 
Res.  U.  S.,  1883,  p.  404.) 

The  first  discovery  of  these  deposits  was  in  1864,  and,  in  the  fall 
of  18hl,  Mr.  W.  Q.  Brown  secured  control  of  what  appeared  to  be  the 
most  valuable  portion,  transferring  his  interest  to  an  incorporated 
company  known  as  the  'Oregon  Nickel  Mines.'  It  is  stated  that 
about  $30,000  was  expended  in  development  work.  In  1891  some  of 
the  nickel  bearing  area  was  secured  by  a  Chicago  corporation,  called 
the  '  International  Nickel  Mining  Company,'  which  is  said  to  have 
expended  about  $60,000  on  development  work.  Extensive  prepara- 
tions were  made  to  mine  and  smelt  this  ore,  but  much  of  the  smelting 
and  other  machinery  purchased  was  never  even  set  in  position.  The 
Anglo-American  Nickel  Company,  incorporated  in  1893,  and  the 
Oregon  Nickel  Mining  Company,  also  own  property  in  this  neigh- 
bourhood. The  amount  of  development  work  done  in  connexion  with 
these  deposits  is  hardly  sufficient  to  test  their  commercial  capabili- 
ties. Numerous  open  cuts,  short  tunnols  and  shallow  shafts  from 
twenty  to  forty  feet  deep  have  been  made,  but  nowhere  has  a  vertical 
depth  of  over  fifty  feet  been  reached.  O 

(1)  Dr.  W.  L.  Austin'.  'The  Nickel  Deposits  near  Riddles.  Oregon.'  Proc. 
Col.  Sc.  Soc,  Vol.  V..  1894-96.  pp.  173-196. 
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The  Gem  mine,  in  Fremont  county,  Colorado,  may  be  mentioned 
at  some  length  in  this  connexion,  as  it  is  very  similar,  in  mineralogical 
composition,  to  the  Haileybury  occurrences  discovered  la9t  autumn 
in  Northern  Ontario.  The  vein  at  the  Gem  mine  is  in  hornblende 
schist,  and  the  ores  were  principally  copper,  but  nickel  soon  mado  its 
appearance,  and  at  a  depth  of  15  to  20  feet  became  quite  prominent. 
From  the  surface  down  to  a  depth  of  seventy-five  feet  the  vein  has  an 
average  width  of  3  "5  to  4  feet.  At  this  point  it  pinched  out,  and  with 
the  exception  of  a  narrow  streak  of  ore,  which  may  be  its  continuation, 
and  which  contained  the  same  cobalt  and  nickel  minerals,  no  further 
ore  was  encountered  lower  down.  The  nickel-cobalt  minerals  of  this 
mine  are  accompanied  by  native  silver,  some  of  the  mineral  speci- 
mens being  occasionally  so  permeated  by  fine  wire  silver  as  to  be 
broken  with  difficulty.  In  1882  twelve  tons  of  ore,  containing  12  per 
cent  of  nickel  and  2-2  -5  per  cent  of  cobalt,  with  considerable  chalco- 
cite,  were  shipped.  Later,  about  half  a  ton  of  selected  ore,  contain- 
ing 84  per  cent  of  nickel  and  3-4  per  cent  of  cobalt,  were  sent  to 
Swansea,  England.  The  mine,  however,  was  involved  in  litigation, 
and  the  ore  body  was  seemingly  too  small  for  any  extended  mining 
operations.  (*) 

Since  the  closing  down  of  the  Lancaster  Gap  mine  the  entire 
United  States  production  of  nickel,  from  domestic  ores,  has  been 
derived  from  Mine  la  Motte,  Mo.,  the  metal  being  secured  as  a  by- 
product in  the  treatment  of  lead  ores.  In  1899  this  production 
amounted  to  22,500  pounds,  but  in  1901  it  had  decreased  to  6,700 
pounds,  while  in  1902  the  twenty  tons  of  matte,  containing  nickel  and 
cobalt,  which  were  refined  at  the  works  of  the  Mine  la  Motte  Lead 
and  Smelting  Company,  yielded  5,748  pounds  of  metallic  nickel.  (*) 

NICKEL  IN  NEW  CALEDONIA. 

The  nickel  deposits  of  New  Caledonia  have,  for  many  years,  en- 
joyed an  enviable  reputation,  not  only  for  the  large  and  continuous 
supply  of  ore  they  have  produced,  but  also  for  the  high  grade  they 
have  been  able  to  furnish  for  purposes  of  export.  From  about  the 
years  1880  to  1888  these  mines  produced  from  two-thirds  to  three- 
fourths  of  all  the  nickel  in  the  market.  From  the  latter  year,  how- 
ever, the  mines  of  Canada  have  been  gradually  increasing  their  out- 
put, and,  in  spite  of  many  adverse  circumstances,  it  is  believed  that, 
at  the  present  time,  the  amount  of  nickel  secured  from  Canadian 

(2)  Thomas  Charlton.  Proc.  Col.  Sc.  Soc.,  Vol  IV..  1891-93,  pp.  420-421. 

(3)  Min.  Dea..  U.S.,  1902,  pp  266-266. 
4187—12 
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sulphide  ore  is  considerably  in  excess  of  that  produced  from  the  New 
Caledonia  silicates. 

The  only  nickel  ore  that  occurs  in  New  Caledonia  is  a  hydrated 
silicate  of  nickel,  in  which  more  or  less  of  the  nickel  oxide  is  replaced 
by  magnesia,  ferric  oxide  and  alumina.  The  ore  is  associated  with 
chalcedony,  a  niagnesian  silicate  resembling  meerschaum  or  sepiolite, 
limonite  or  bog  iron  ore  and  serpentine.  In  addition  to  these  there 
are  usually  small  quantities  of  chromite  and  asbolite.  The  mineral 
is  entirely  free  from  sulphur,  arsenic  or  copper,  and,  although,  in  the 
first  instance,  the  deposits  were  regarded  as  the  gossan-like  material 
produced  by  the  sub-aerial  decay  of  nickeliferous  sulphides,  the  ex- 
tensive workings  already  undertaken  have  failed  to  reveal  any  traces 
of  such  material  even  in  the  deepest  workings. 

The  mineral  garnierite  or  noumeaite,  characteristic  of  these  de- 
posits, was  discovered  by  M.  Jules  Gamier,  in  1865,  and  was  noticed 
by  him  in  1867,  (*)  and  was  described  by  Liversidge  in  1874  (2).  The 
mineral  is  closely  related  to  the  nickel-gymnite,  described  by  Genth 
in  1851,  and  for  which  the  name  genthite  was  proposed  by  Dana,  in 
1867. 

As  the  following  analyses  will  show  it  is  very  variable  in  chemi- 
cal composition.  The  material  analyzed  was  selected  with  great  care, 
and  will  give  a  good  idea  of  the  composition  of  the  purest  varieties 
of  garnierite  as  well  as  its  intimate  connexion  with  sepiolite,  or 
silicate  of  magnesia,  with  which  it  is  associated,  and  into  which  it 
passes  by  insensible  gradations. 


(1)  Bull  Soc.  Geol.  de  Franco,  Vol.  XXIV.,  p.  438,  Paris,  1867. 

(2)  Jour.  Chem.  Soc,  Vol.  XII..  p.  613,  July,  1874. 
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Explanation  T.  Analysis  by  Dann  (Ber.  Nied.  Ges.,  Jan.  7,  1878). 
II.  Analysis  by  Gamier  (Comptes  Rendua,  86,684,  1878).  HI.  Ana- 
lysis by  Kiepenheuer  (Ber.  Nied.  Gest.,  July  14,  1879).  IV.  Analysis 
of  dark-green  garnierite,  from  Nakety,  by  Liversidge  (Minerals  of 
New  South  Wales).  V.  and  VI.  Analyses  by  Gamier  (Soc.  des  Ingrs. 
Civils,  1887).  Analysis  of  a  translucent,  pale-green  variety,  from 
Oiiaillon,  by  Liversidge.  VIII.  Analysis  of  similar  mineral  from 
same  locality,  by  Liversidge.  IX.  A  very  pale-green  variety  from  Bel 
Air  mine,  Kanala,  by  Liversidge.  X.  Another  similar  specimen  from 
same  locality.  XI.  Analysis  by  Gamier  of  white  veins,  in  the  green 
mineral  (garnierite),  resembling  sepiolite. 

At  first,  when  mining  operations  were  started,  it  was  stipulated 
that  the  ore  should  contain  from  12  to  15  per  cent  nickel,  but  now 
the  minimum  has  been  reduced  to  7  per  cent  and  it  is  stated  to  be 
difficult  to  secure  more  than  60,000  to  70,000  tons  per  annum  of  such 
a  grade  of  ore,  although,  if  the  European  smelters  would  lower  their 
limit  to  5-5  per  cent,  the  production  could  be  more  than  doubled. 
From  1875  to  1884,  R.  Flechner  has  calculated  that  8-3  per  cent  of 
nickel  was  the  average  contained  in  the  ore,  whilo  Du  Peloux  states 
that  in  1884,  850  tons  of  metal  were  produced  from  12,000  tons  of 
ore,  thus  giving  an  average  of  7-1  per  cent.  Croissille  states  that 
between  1880-85,  28,933  tons  of  ore  were  produced  with  an  average 
of  10-5  per  cent  nickel.  In  the  first  years  a  large  amount  of  ore, 
containing  from  3  to  11  per  cent  nickel,  was  discarded  as  valueless 
for  purposes  of  export,  but  lately  these  dumps  have  been  overhauled 
and  some  of  the  material  shipped.  The  largest  New  Caledonia  com- 
pany "  Le  Nickel,"  in  its  catalogue  issued  at  Paris  in  1889,  stated 
that  the  various  grades  of  their  ore  contained  8,  10  and  12  per  cent 
of  nickel.  From  1876  to  the  present  time  the  ore  has  varied  in  com- 
position, as  shown  under  I;  under  II  is  given  the  composition  of 
the  ore  which  was  being  shipped  to  Europe  in  1876;  under  III  the 
average  composition  of  New  Caledonia  smelting  ore,  (according  to 
Levat) ;  under  IV  is  given  the  average  composition  of  the  nickel  ore, 
as  it  was  shipped  in  1899,  according  to  E.  A.  Wineberg  (Min.  Indus- 
try, Vol.  VIII,  1900,  p.  435). 
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The  nickel  contents  of  the  New  Caledonia  garnicrite,  lately 
smelted,  have  averaged  about  7  per  cent  of  nickel,  but  each  succeeding 
year  sees  a  poorer  product  handled  and  shipped. 

The  ore  is  intimately  associated  with  a  peridotite,  and  its  various 
decomposition  products  grouped  together  under  the  name  of  serpen- 
tine.   Fresh,  undecomposcd  pieces  of  this  rock,  made  up  chiefly  of 
olivine,  are  said  to  contain  as  high  as  1  per  cent  of  nickel.  These 
serpentines,  which  cover  the  larger  portion  of  the  area  of  the  island, 
rise  into  a  series  of  hills,  which  are  from  400  to  4,000  feet  above  the 
sea,  the  general  elevation  being  about  2,000  feet    The  deposits  gen- 
erally occur  on  the  tops  of  these  mountains,  so  that  transportation  of 
the  ore,  mining  materials  and  supplies  is  very  tedious  and  difficult, 
and  in  many  cases  expensive  roads  and  aerial  rope-ways  had  been 
constructed  to  deposits  which,  in  some  cases,  came  far  from  realizing 
expectations  as  to  extent  and  richness.   The  ore-bodies  occur  as  veri- 
table '  stock-works,'  cutting  the  decomposed  peridotite  in  all  direc- 
tions.   Invariably,  where  the  nickel  occurs,  the  surface  is  covered 
with  a  highly  ferruginous  soil,  in  which  pisolitic  iron  ore  is  very 
abundant.    Although  this  decomposed  remnant  of  the  peridotite  con- 
tains a  little  nickel,  most  of  the  nickel  has  been  leached  out  to  be 
deposited  in  secondary  veins  of  nickel  silicate  in  locations  at  various 
depths  below,  favourable  places  for  such  concentrations  being  in  the 
vicinity  of  faulting  and  jointing  planes.    The  veins  vary  in  size 
from  a  few  inches  to  as  much  as  thirty  feet,  but  they  are  exceedingly 
irregular  in  this  respect,  at  one  time  becoming  gradually  narrow, 
while,  in  other  cases,  large  deposits  end  abruptly  against  barren  rock. 
These  veins  or  deposits  are  comparatively  shallow.    It  is  true  that 
one  fissure  was  followed  down  about  600  feet  in  depth,  but  generally 
the  veins  give  out  from  75  to  100  feet  below  the  surface.  Without 
reference  to  the  surface  mantle  or  covering,  from  which  most,  if  not 
all,  of  the  nickel  has  been  removed  by  leaching,  the  richest  deposits 
are  those  nearest  the  surface,  while  the  higher  parts  of  any  deposit 
are  richer  than  those  lower  down.    The  comparative  shallowness  of 
the  deposits  is,  however,  compensated  by  the  large  areas  they  covor, 
and  some  of  the  mines  have  yielded  from  30,000  to  100,000  tons  of 
ore,  and  are  still  in  operation.    The  mining  is  carried  on  by  means 
of  open  cut  work,  the  ore  being  secured  by  means  of  a  series  of 
benches.    The  pick  and  shovel  are  usually  sufficient  to  loosen  and 
remove  the  ore,  but  occasional  blasting  is  sometimes  necessary.  The 
ore,  when  properly  mixed,  is  carried  by  means  of  aerial  rope-ways  to 
ground  .tram-lines,  from  which  it  is  transported  by  lighters  to  the 

Various  methods  for  the  extraction  of  nickel  from  these  ores  have 
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been  attempted.  Gamier,  whose  name  has  been  associated  with  these 
deposits  from  the  date  of  their  discovery,  tried  to  smelt  the  ore 
directly  to  a  nickeliferous  pig  iron,  which  was  afterwards  to  be  re- 
fined in  a  reverberatory  furnace  to  ferro-nickel.  The  first  part  of  the 
process  proved  satisfactory,  and  the  nickel-iron  pig  obtained  from 
the  richer  lumps  contained  65-68  per  cent  of  nickel,  23-29-5  per  cent 
of  iron,  1-5-2 -5  per  cent  of  sulphur,  3-5-5-5  per  cent  of  silica  and 
carbon  occurring  as  graphite,  and  from  1-5  to  2-5  per  cent  of  other 
impurities,  and  amongst  them,  phosphorus.  It  was  found  impossible 
to  economically  handle  or  to  refine  this  product,  owing  to  the  pre- 
sence of  sulphur,  which  has  a  strong  affinity  for  nickel.  Various  wet 
methods  were  then  employed,  which  followed,  on  a  large  scale,  the 
different  operations  used  in  making  chemical  analyses.  The  ore  was 
first  dissolved  in  acid  and  the  metals  removed  by  the  use  of  lime  ot 
bleaching  powder,  and  finally  a  solution,  containing  nickel  alone,  was 
obtained.  From  such  a  condition  it  is  easy  to  produce  the  nickel  by 
fusing  with  charcoal  the  dried  nickel  salt. 

Later  on,  however,  they  adopted  a  dry  method,  in  the  preliminary 
stages.  In  the  first  years  they  smelted  it,  with  the  addition  of  a 
special  Norwegian  pyrrhotito  containing  nickel  and  copper.  In  order 
to  remove  the  excess  of  iron  and  copper  they  now  melt  the  ore  in  low 
water- jacketed  blast  furnaces,  with  materials  containing  sulphur 
(calcium  sulphide  obtained  in  the  manufacture  of  soda  by  the  Lc 
Blanc  process),  or  with  gypsum.  The  gypsum,  which  is  made  up  of 
both  lime  and  sulphur,  is  reduced,  the  sulphur  uniting  with  the 
nickel  by  reason  of  its  greater  affinity  for  this  metal,  while  a  portion  of 
it  is  taken  up  by  part  of  the  iron,  the  rest  of  it  combining  with  the 
silica,  mngnesia  and  lime  and  the  remainder  of  the  iron  to  form  a 
slag.  This  slag  contains  about  48  per  cent  of  silica,  12-13  per  cent  of  iron 
and  not  more  than  0-40  to  0-45  per  cent  of  nickel.  The  nickel-iron 
matte  contains  about  50-55  per  cent  of  nickel,  25-30  per  cent  of  iron 
and  16-18  per  cent  of  sulphur.  This  matte,  by  reason  of  its  greater 
specific  gravity,  sinks  to  the  bottom,  permitting  the  lighter  slag  to  l»e 
drawn  off.  This  matte  is  in  turn  roasted  and  a  portion  of  the  sul- 
phur thus  removed.  It  is  re-smelted  with  sand,  and  the  nickel  will 
again  combine  with  by  far  the  larger  share  of  the  sulphur,  leaving  a 
comparatively  small  proportion  for  the  iron,  while  the  remainder  of 
the  iron  combines  with  the  silica  or  sand  to  form  a  slag.  By  a  repe- 
tion  of  these,  or  similar  methods,  the  iron  is  finally  removed,  leaving 
a  compound  made  up  essentially  of  nickel  and  sulphur,  which  ;s 
roasted  with  nitrate  of  soda  to  produce  nickel  oxide.  This  is  then 
mixed  with  charcoal,  and  reduced,  by  the  application  of  intense  heat, 
to  metallic  nickel. 
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Attempts  have  been  made,  from  time  to  time,  to  partially  refine 
these  ores  in  New  Caledonia,  and  blast  furnaces  were  erected  and  in 
operation  both  at  Noumea  and  Thio,  as  well  as  at  Newcastle  in  New 
South  Wales,  but  the  difficulties  of  procuring  coke,  suitable  flux  and 
labour  have  hindered  their  progress,  and  most  of  the  ore  at  least  is 
now  exported  for  smelting  and  refining  purposes.  Most  of  this  ore  is 
refined  in  France,  where  "  Le  Nickel "  company  have  extensive  refin- 
eries at  Havre,  but  a  large  proportion  is  also  refined  at  Kirkintilloch 
(near  Glasgow),  in  Scotland,  Erdington  (near  Birmingham),  in 
England,  and  at  Iserlohn  (Westphalia),  in  Prussia.  The  Engineer- 
ing and  Mining  Journal  of  May  20,  1899,  notes  that  a  cargo  of  3,000 
tons  of  New  Caledonia  ore  is  being  sampled  for  the  Orford  Copper 
Company,  the  ore  averaging  7  per  cent  nickel.  The  merging  of  the 
Nickel  Corporation,  Limited,  and  the  Societe  Minierc  Caledonienne, 
of  New  Caledonia,  as  part  of  the  International  Nickel  Company, 
will  result  in  the  smelting,  by  this  company,  of  a  considerable 
amount  of  New  Caledonia  ore,  at  their  refinery  at  Constable  Hook, 
N.J. 

Although  these  deposits  were  discovered  in  1865,  it  was  not  until 
1873  that  active  mining  operations  were  undertaken.  In  1880,  the 
Societe"  le  Nickel  acquired  the  celebrated  mines  at  Thio,  but  did  not 
commence  mining  until  1887. 

The  following  figures  represent  the  production  of  ore  and  nickel 
from  the  New  Caledonia  mines. 


PRODUCTION  OP  ORE  AND  NICKEL  FROM  NEW  CALEDONIA. 


Year. 

Ore  mined. 

i 

Ore 
exported. 

Nickel 
content*. 

Nickel  contents. 

1875  

TonB. 

327 
3,406 
4,377 

155 

2,528 
4,070 
9,025 
6,881 
10,838 
5,228 
920 
8,602 

Tons. 

Tons. 

Tons. 

t 

1876  

1877  

1878  

1879  

1880  

210 
388 
749 
561 
904 
850 

1881  

1882  

•  •   •       •  » 

1883  

1884  



1885  

1886  

1501 
i  1,350? 

1887  
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PRODUCTION  OF  ORE  AND  NICKKL  FROM  NEW  CALEDONIA. — Con. 


Year, 


1888   

1889  

1890  

1891  

1892  

1893  

1894  

1895  

1896  

1897  

1898  

1899  

1900  

1 90 1   . . . 

1902  


Ore  mined. 


Ore  Nickel 
exported,  content*. 


Ton*. 

6,616 
19,741 

22,690 
35,000 

69,614 

61,243j 

29,623! 

6,417 
26,464 
53,200 
103,908 


45,614 
40,089 
38,976 
37,467 
57,439 
74,614 
103,908 
100,319 
132,814 


Tom. 

900? 
1,381 
1,633 
2,449 
1,244 
2,493 
2.422 
2,548*! 
2,972* 
2,858*| 
3,608* 
3,845* 
4,676* 
6,202* 


Nickel 


Tuns. 


(2,548) 
(2,707) 
(2,858) 
(4,205) 
(4,205) 
( 1,526^ 
(5,210) 
(3,620) 


*  Nickel  contents  of  ore  refined  in  Europe,  according  to  Mineral 
Industry.  The  figures  in  brackets  are  production  of  nickel  from  New 
Caledonia  ores,  in  France,  Germany  and  England  (according  to 
Metal lgesellschaft  and  Metallurgiache  Gesellschaft,  August,  1903, 
p.  23). 

METHODS  OF  MINING  AT  SUDBURY. 

The  methods  usually  employed  throughout  the  Sudbury  district 
for  obtaining  the  requisite  supply  of  ore  consist,  partly,  in  the  sink- 
ing of  shafts  and  the  opening  up  of  the  ore  body  by  means  of  under- 
ground levels,  drifts  and  stopes,  the  whole  of  such  mining  operations 
being  carried  on  under  a  solid  roof.  For  this  work  very  little  timber- 
ing is  required,  although,  in  some  cases,  serious  accidents  involving 
the  loss  of  one  or  more  human  lives  have  resulted  from  neglecting 
to  provide  even  the  small  amount  of  timbering  necessary  where 
occasional  slips,  faults  or  slickensides  occur.  As  a  rule,  however,  the 
walls  and  roof  are  very  solid,  and,  at  the  present  time,  every  reason- 
able precaution  is  taken  to  guard  against  such  accidents  by  frequent, 
careful  and  systematic  scaling,  removing  all  loose  or  menacing  por- 
tions of  rock  or  ore.  Tfie  larger  part  of  the  ore,  however,  is  secured 
by  a  combination  of  this  method  and  a  system  of  open  cast  work. 
This,  which,  in  reality  is  a  species  of  deep  quarrying,  is  a  very  cheap 
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and  effective  method  of  obtaining  large  supplies  of  ore,  and  these 
considerations,  no  doubt,  contributed  to  its  adoption  in  the  first  place. 
On  the  other  hand,  these  open  pits  being  exposed  to  the  weather,  work 
is,  at  times,  carried  on  only  with  extreme  discomfort  to  the  men,  or 
is  even  seriously  interrupted  during  periods  of  extreme  cold  or  other- 
wise inclement  weather.  At  the  same  time  it  is  open  to  the  serious 
objection  that  it  is  much  more  dangerous  to  the  men,  and  in  spite  of 
the  most  careful  inspection  and  frequent  scaling  large  bodies  of 
rock  and  ore  are  liable  to  be  detached  by  the  action  of  frost,  gravity 
or  other  agencies.  Lately,  a  disposition  has  gradually  developed  to 
abandon  in  large  measure  much  of  the  open  mining,  and  to  remove 
the  ore  by  means  of  levels  and  stopes  at  regular  intervals  beneath 
these  pit  floors,  cross-cutting  the  ore-body  frequently  by  a  series  nf 
drifts.  Finally,  after  breaking  away  overhead,  and  providing  an 
arched  roof,  the  whole  is  stoped  away  to  the  level  below,  and  the  ore 
hoisted  from  thence  by  means  of  shafts.  Only  such  pillars  and  sup- 
ports as  are  necessary  will  remain  standing,  and  the  intervening 
spaces  will  be  filled  by  rock  and  ore  too  lean  to  be  utilized,  the  whole 
being  supplemented,  when  necessary,  by  material  from  the  dumps. 

The  system  of  open  cast  work,  which  has  hitherto  found  most 
favour  in  the  district,  consists,  first,  in  the  sinking  of  a  shaft  of  the 
required  dimensions  at  varying  angles,  this  inclination  being  gov- 
erned, mainly,  by  the  general  dip  and  direction  of  the  ore  body.  This 
shaft  secures  the  necessary  accommodation  for  the  skipway  for  hoist- 
ing the  ore,  while,  at  the  same  time,  it  provides  a  manway  for  ingress 
to  or  egress  from  the  underground  workings,  by  means  of  ladders, 
with  landings  at  i'requent  intervals. 

The  largest  pit  in  the  district  is  at  the  Creighton  mine,  where  on 
the  first  of  June  last  (1904),  ore  was  being  hoisted  from  an  open  cut 
or  quarry,  measuring  about  350  feel  long,  by  275  feet  wide  and  62 
feet  deep.  The  pit,  known  as  No.  2  mine  of  the  Canadian  Copper 
Company,  at  the  end  of  January,  1903,  was  opened  up  on  a  chimney 
of  ore,  which,  below  the  200  foot  level,  is  growing  larger.  At  the  bot- 
tom of  the  open  pit,  which  has  reached  the  third  level  at  217  feet 
below  the  surface,  the  average  diameter  is  120  feet.  The  new  vertical 
shaft  had,  at  the  same  time,  reached  a  depth  of  390  feet,  the  fifth  level 
being  at  374  feet.  At  the  Victoria  mine  the  main  shaft  has  been 
sunk  to  a  depth  of  557  feet,  with  various  levels,  drifts  and  stopes. 
The  west  open  pit  at  this  mine  measures  70  by  125  feet  at  the  sur- 
face, gradually  tapering  to  50  by  100  feet  at  the  first  level. 

Each  mine  is  provided  with  a  rock  house  as  soon  as  its  perman- 
ency is  established,  and  a  double  skiproad  leading  to  it  from  the 
mine.  The  steel  skips,  having  a  capacity  of  one  and  a-half  tons  each, 
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are  hoisted  to  the  top  of  the  rock-house,  dumping  automatically  on  a 
large  inclined  4  grizzly '  sizing-screen,  which  separates  the  fine  from 
the  coarse  ore.  -Most  of  the  ore  is  sledged  to  a  proper  size  for  the 
crusher  in  the  mine,  although,  sometimes,  this  operation  takes  place 
on  the  floor  of  the  rock-house.   The  coarse  ore  falls  near  the  mouth 
of  the  15x9  Blake  crusher,  set  to  about  one  and  three-quarter  inches, 
which  has  a  capacity  of  about  twenty  tons  per  hour,  (or  400  tons  for 
the  usual  two  shifts  of  ten  hours  each).    Occasionally,  as  at  the 
Creightou  mine,  there  are  two  of  these  Blake  crushers,  but  usually 
one  is  considered  sufficient.    The  ore  is  then  passed  into  the  upper 
end  of  a  slightly  inclined  revolving  trommel  screen,  where  it  is  sized 
into  three  classes  for  the  succeeding  operation  of  roasting.  The  fines 
pass  through  three-quarter  inch  mesh  holes  in  the  trommel  screen,  the 
medium  or  ragging  through  one  and  three-quarter  inch  holes,  while 
the  coarse  is  discharged  at  the  lower  end  of  the  screen  and  is  caught 
on  an  oscillating  sorting  table,  also  slightly  inclined  lengthwise. 
The  jerking  motion  of  this  table  provides  such  a  rate  of  travel 
of  the  pieces  of  ore  as  enables  a  certain  number  of  boys,  stationed 
along  the  side,  to  pick  out  and  cast  aside  a  considerable  propor- 
tion of  barren  rock  or  very  lean  ore,  at  the  same  time  permit- 
ting the  purer  and  higher  grades  to  continue  their  journey  to  the  ore 
bins.    Each  of  these  sizes  falls  into  a  separate  series  of  bins,  from 
which  ore  of  the  required  class  is  automatically  loaded,  by  means  :i 
inclined  steel  chutes,  into  standard  gauge  cars,  and  hauled  by  loco- 
motives to  the  roasting  yards.   At  the  time  the  surveys  for  the  Cop- 
per Cliff  mines  area  were  being  carried  on  there  were  three  roasting 
yards.   The  old  one,  which  was  graded  by  Dr.  E.  D.  Peters,  is  situa- 
ted immediately  west  of  the  old  or  East  Smelter,  and  measures 
roughly  2,000  feet  long  and  125  feet  wide.   This  still  remains  in  use, 
and  by  the  removal  of  the  East  Smelter  buildings    has  been 
increased  to  3,000  feet.     For  some  years    a  small  roast  yard 
was  utilized  about  midway  between  the  original   Copper  Cliff 
mine  and  the  Ontario  Smelting  Works.    The  site  of  this,  which 
measured  about  1,000  feet  by  125  feet,  is  shown  on  the  large 
scale  maps,  but  it  has  now  been  abandoned,  as  its  situation  so 
close  to  the  works  and  residences  at  times  occasioned  great  discom- 
fort to  the  workmen  and  inhabitants.   The  main  roast  yard,  which  is 
in  use  at  present,  and  which  is  capable  of  much  greater  expansioa,  is 
located  to  the  northeast  of  the  West  Smelter,  towards  the  Manitou- 
Hn  and  North  Shore  railway.    At  the  time  the  surveys  were  made, 
it  was  about  2,700  feet  long  by  150  feet  wide,  and  it  could  be  very 
readily  extended  to  measure  4,000  feet.    It  will  thus  be  seen  that 
without  any  great  effort  roasting  ground  with  a  capacity  of  from 
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250,000  to  300,000  tons  is  already  available.  Many  of  the  mines 
situated  at  Copper  Cliff  are,  of  course,  handy  to  the  roast  yards,  but 
most  of  the  ore  at  present  being  utilized  by  the  Canadian  Copper 
Manitoulin  and  North  Shore  railway  a  distance  of  about  seven  and 
a  half  miles,  to  Clarabelle  junction,  about  a  mile  has  to  be  brought  by 
a  branch  railway  to  Sudbury,  a  distance  of  about  three  and  a-half 
miles  and  then  down  the  '  Sault '  branch  of  the  Canadian  Pacific  rail- 
way to  the  southern  roast  yard  at  Copper  Cliff,  a  further  distance  of 
about  four  miles.  The  ore  from  the  Frood,  or  No.  3,  mine  has  to  be 
hauled  first  to  the  Stobie  mine,  by  a  spur  about  1  '25  miles  long,  and 
thence,  by  the  same  route,  from  the  Stobie  mine  to  Copper  Cliff. 
Neither  of  these  mines  are,  however,  in  operation,  as  an  abundant 
supply  of  very  high  grade  ore  is  more  easily  procurable  at  the 
Creighton  mine.  At  the  Victoria  mines  of  the  Mond  Nickel  Com- 
pany an  aerial  tramway  carries  the  ore  from  the  mine  to  the  roast 
yeard,  and  thence  to  the  smelter. 

METALLURGY. 

In  the  production  of  nickel  and  copper  from  a  sulphide  ore  the 
following  operations  have  to  be  considered. 

1.  Treatment  of  the  ores,  for  low  grade  copper-nickel  matte. 

2.  Treatment  of  the  copper-nickel  matte,  for  concentrated  copper- 
nickel  matte. 

3.  Treatment  of  this  matte,  for  copper-nickel  alloys. 

4.  Treatment  of  the  concentrated  copper-nickel  matte,  for  nickel 
matte. 

5.  Treatment  of  the  nickel  matte,  for  nickel  oxide  and  metallic 
nickel. 

The  first  two  of  these  operations  are  carried  out  at  the  smelting 
works  in  the  Sudbury  district. 

roasting. 

• 

The  metallurgical  treatment  of  this  ore  commences  at  the  roast 
yard,  whither  it  is  conveyed  from  the  mines,  and  being  piled  in  con- 
venient heaps,  on  previously  laid  cordwood,  is  exposed  at  high  tem- 
peratures, without  fusion,  or  at  most  incipient  fusion,  to  the  action 
of  currents  of  air.  The  object  of  this  roasting  is  to  bring  about  the 
oxidation  of  the  iron,  and  incidentally  of  the  sulphur,  as  complete  as 
is  possible  without  involving  an  undue  loss  of  metal  in  the  slags  of 
the  following  smelting,  and  second,  the  expulsion  of  arsenic,  if  any 
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should  happen  to  be  present.  With  the  possible  exception  of  the 
Worthington  mine,  and  some  other  deposits  in  that  vicinity,  none  of 
the  ore  of  the  Sudbury  district  contains  any  appreciable  amount  of 
arsenic  or  antimony.  If  the  oxidation  be  very  imperfect  the  resulting 
matte  will  contain  so  much  iron  that  its  bringing  forward  will  be 
unduly  costly,  while  if  the  oxidation  be  too  thorough  an  undue  loss 
will  occur  on  smelting  the  roasted  ore.  At  Copper  Cliff  and  at  Vic- 
toria mines  the  Canadian  Copper  Company  and  Mond  Nickel  Com- 
pany have  spared  neither  trouble  nor  expense  in  the  construction  and 
equipment  of  their  roast  yards.  The  sites  selected  consisted  of  flats 
or  swamps  which  have  been  further  graded  or  filled  up,  any  natural 
roughness  or  unevenness  being  cleared  away  and  levelled,  and  the 
whole  being  given  a  gentle  slope,  with  carefully  made  drains,  serves 
to  remove  at  once  any  rain  or  surface  water.  These  precautions  hare 
to  be  taken  to  prevent  loss  of  metal  as  soluble  sulphates.  It  has  been 
frequently  stated  that  any  great  loss  is  thus  fully  guarded  against, 
but,  so  far  as  known,  no  deliberate  attempts  have  been  made  to  deter- 
mine what  amount  is  thus  actually  carried  off  by  rain  and  melting 
snow.  After  the  heap  has  been  fired  a  crust  rapidly  forms,  which  is 
believed  to  give  further  assistance  against  loss,  but  during  heavy  or 
long-continued  wet  and  stormy  weather  it  is  believed  an  appreciable 
amount  is  thus  removed.  Whether  the  saving  of  this  is  a  commercial 
possibility  is  well  within  the  range  of  experiment.  Hollows  in  thf 
burnt-out  heaps  are  filled  with  stalactites,  an  analysis  of  one  of 
which  gave  Mr.  Donald  Locke  the  following  composition: — Cu  0, 
8-42  per  cent;  Ni  O,  10-21  per  cent;  Fe  0,  MS  per  cent,  and  S  Oa, 
27-53  per  cent.  The  water,  too,  of  the  marsh  adjoining,  has  a  decided 
bluish  tinge,  and  an  iron  object  immersed  in  it  is  immediately  covered 
with  a  thin  coating  of  copper. 

Open  air  heap  roasting,  as  practised  at  Sudbury,  is,  with  favour- 
able weather  conditions,  an  old,  simple,  cheap  and  very  effective 
method  of  treatment  for  the  elimination  of  the  undesired  surplus  oi 
sulphur  from  low  grade  sulphide  ores.  Experiments  and  trials  hava 
been  made  to  profitably  save  this  sulphur,  by  present  methods,  but 
the  sulphur  contents,  averaging  from  16  to  30  per  cent,  and  for  the 
most  part  approaching,  in  this  respect,  the  first-mentioned  figure, 
with  iron  from  33  to  n  little  over  50  per  cent,  are,  apparently,  too  low 
to  permit  of  their  economic  winning. 

Titus  Ulke  (*)  states  that,  'during  1902,  was  demonstrated  the 
commercial  impracticability  of  cheaply  roasting  Sudbury  pyrrhotito 
nickel  ores,  which  do  not  average  over  25  per  cent  of  sulphur,  in 
Herreshoff  furnaces,  in  order  to  utilize  the  sulphurous  acid  gas  thus 

(1)  Mln.  Industry.  Vol.  XI..  1903,  p.  490. 
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obtained  to  make  sulphite  pulp  or  liquid  acid.  The  use  of  the  dead 
roasted  residue,  in  the  making  of  ferro-nickel,  was  also  found  to  be 
r-ommercially  unsuccessful.  It  is  recognized  that,  unless  this  roasting 
in  the  Herreshoff  furnace  can  be  done  mainly  without  the  aid  of  ex- 
traneous heat,  the  cost,  compared  with  heap  roasting,  is  prohibitive, 
and  that,  in  any  case,  the  average  percentage  of  sulphurous  acid  in 
the  gas  produced  is  too  low  to  be  economical  for  use  in  the  manu- 
facture of  calcium  bisulphite  for  making  sulphite  pulp.'  On  the 
other  hand,  Mr.  E.  A.  Sjostedt,  0)  metallurgist  to  the  Lake  Superior 
Power  Company,  who  initiated  and  carried  on  these  trials,  states  that 
the  process  has  been  worked  out  in  a  satisfactory  manner,  the  pyrrh> 
tite  being  roasted  without  extraneous  heat,  and  yielding  sulphurous 
acid  in  quantities  that  more  than  repay  the  cost  of  converting  the 
raw  ore  into  briquettes. 

The  results  of  operations  for  two  weeks  in  1903  showed  an  average 
recovery  of  86-4  per  cent  of  sulphur,  and  a  total  working  cost  of 
$1.86  per  ton  of  ore.  Such  are  the  conflicting  statements  of  experts 
who  have  been  concerned  in  the  practical  working  out  of  the  process, 
but  the  popular  opinion  seems  general  that  failure  has  followed 
these  elaborate  trials,  which  had  the  advantage  of  being  conducted 
on  a  commercial  basis,  by  skilled  men,  with  every  modern  appliance 
to  ensure  success.  The  fact  that  the  Lake  Superior  Power  Company, 
during  their  later  operations  in  the  Sudbury  district,  had  practically 
adopted  the  general  system  of  heap  roasting  and  smelting,  seems  to 
lend  support  to  the  view  expressed  by  Mr.  Ulkfi. 

The  sulphurous  fumes  from  the  roast  heaps  have  destroyed  most 
of  the  vegetation  from  within  an  area  of  between  one  and  two  miles 
of  Copper  Cliff,  and  have  a  very  injurious  effect  on  vegetation,  and 
especially  young  and  tender  trees  and  plants,  as  far  as  the  town  of 
Sudbury.  In  the  immediate  vicinity  of  Copper  Cliff  the  destruction 
wrought  to  all  growing  plants  and  trees  is  very  complete,  and  a  more 
desolate  scene  can  hardly  be  imagined  than  the  fine  white  clay  or  silt 
of  the  flats,  through  which  protrude  at  intervals  rough  rocky  hills, 
with  no  trees,  or  even  a  blade  of  grass,  to  break  the  monotony.  Of 
late  years,  vegetation  has,  so  to  speak,  become  accustomed  to  the 
sulphur,  and  gradually,  and  as  a  result,  the  area  affected  by  the 
fumes  is  becoming  more  circumscribed.  The  maple  seems  to  with- 
stand the  sulphur  the  best,  and  trees  of  this  species  may  be  found 
fairly  green  in  the  immediate  proximity  of  the  roast  yards.  To  add 
to  this  scene  of  desolation  the  houses  are  of  wood,  rarely  painted, 
while  most  of  the  area  is  covered  with  half-decayed  logs,  stumps  and 
uptuined  roots,  all  of  which  have  a  peculiar  brownish  tinge,  the  re- 

(1)  Eng.  and  Min.  Jour.,  April  26th,  1903. 
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suit  of  the  sulphur,  which  acts  as  an  excellent  preservative.  On  the 
other  hand,  all  the  barbed-wire  fences,  telegraph  lines  and  other  iron 
objects  ore  rusted,  and  rapidly  eaten  away,  requiring  to  be  frequently 
replaced.  The  removal  of  ope  of  these  roast  yards  has  had  a  most 
marked  effect,  and  the  beneficial  results  which  were  sure  to  follow 
are  even  now  beginning  to  be  appnrent,  for  the  two  remaining  are 
situated  to  the  east  and  northeast  of  the  town,  and  thus  the  prevailing 
winds,  which  are  from  the  southwest,  will  tend  to  carry  the  fum^H 
away.  With  the  persistent  influence  and  guidance  of  the  president 
and  general  manager,  Mr.  A.  P.  Turner,  trees  are  being  planted,  cer 
tain  areas  graded  and  made  into  lawns,  roads  opened  up  and  cul- 
verts and  bridges  fixed,  while  the  tortuous  course  of  a  small  stream 
running  through  the  town  has  been  straightened  and  deepened.  It 
is  hoped  that  these  efforts  at  beautifying  the  place  will  meet  with  tlv» 
success  they  deserve,  and  already  the  town  has  taken  on  a  new  appear- 
ance, due  to  these  improvements.  The  fumes,  which  are  free  from 
arsenic,  seem  to  have  no  injurious  effect  on  man  or  beast,  except  on 
occasions  when  particularly  dense  and  accompanied  by  fog,  when 
they  produce  a  peculiar  strangling  or  choking  sensation,  accompanied 
on  rare  occasions  by  bleeding  at  the  nose.  The  residents  are  *11 
seemingly  healthy,  and  suffer  from  no  unusual  complaints,  while 
some  even  assert  that  the  sulphur  is  a  positive  cure  for  catarrh,  con- 
sumption, and  kindred  diseases.  People,  however,  at  first,  complain 
of  a  strangling  sensation,  but  this  gradually  disappears,  and  those 
who  have  resided  there  for  a  time  miss  the  sulphur  when  removed  to 
another  place,  and  have  even  an  ill-defined  though  rarely  expressed 
longing  for  this  seemingly  heavy  and  satisfying  atmosphere. 

At  the  Murray  mine  a  huge  shed  with  numerous  large  chim- 
neys was  erected  for  the  purpose  of  roasting  the  ore  during  the 
winter,  but  it  was  not  a  success  in  any  respect.  No  great  thought  or 
care  has  in  the  past  marked  the  efforts  of  some  of  the  companies  in 
the  selection  of  a  site  for  the  roast  yard,  and  the  ore  has  been  placed 
in  heaps,  where  the  natural  surface  of  the  ground  permitted,  with 
scarcely  any  previous  preparation,  such  as  grading  and  draining. 
The  mechanical  loss,  alone,  from  such  carelessness,  must  have  been 
far  from  negligible.  The  main  supply  of  fuel  that  can  be  secured 
and  is  used  for  the  heap  roasting  is  dead  or  dry  pine,  often  still 
standing  as  tall  bare  rampikes.  the  remains  of  extensive  fires  which 
swept  over  the  area  about  thirty-five  years  ago.  This,  during  the  first 
years  of  the  operations,  could  be  secured  very  readily  and  cheaply, 
but  the  extensive  and  continuous  roasting  has  used  up  all  available 
sources  of  supply  close  at  hand,  and  this  wood  has  now  to  be  brought 
considerable  distances  by  rail,  and  is  often  mixed  with  ordinary 
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cordwood.  At  the  Victoria  mines,  however,  there  is  an  abundant 
supply  of  this  dry  pine  for  years  to  come,  and  it  is  brought  in  by 
teams  and  sleighs  during  the  winter,  from  the  area  immediately  ad- 
joining. This  dry  pine  is  very  efficient  for  this  purpose  as  it  is 
readily  kindled  and  produces  almost  immediately  a  short  though 
fierce  heat  which  serves  to  ignite  the  pile  thoroughly,  and  this,  once 
started,  continues  burning  on  account  of  its  sulphur  contents. 

The  roast  heaps  are  rectangular  in  shape,  varying  in  size  from  forty 
by  sixty  feet,  and  seven  feet  high,  to  sixty  feet  by  120  feet  and 
eighteen  feet  high,  containing,  in  general,  from  200  to  over  3,000  tons 
of  ore.  The  small  heaps  of  200  tons  are  of  '  split  matte, '  of  which 
mention  will  again  be  made.  Ore  heaps  are  not  less  than  about  600 
tons.  Heaps  of  from  800  to  1,000  tons  should  burn  out  in  from 
forty  to  fifty  days,  the  larger  heap  taking,  in  general,  from  three  to 
four  months,  while  occasional  heaps  containing  4,000  tons,  which 
are  the  largest  yet  attempted  and  which  were  by  no  means  a  brilliant 
success,  have  been  known  to  burn  from  six  to  seven  months.  The 
ore  is  piled  on  a  bed  of  split  wood,  about  one  cord  being 
used  to  twenty  tons  of  ore.  This  wood  serves  to  start  the 
oxidation  of  the  sulphur,  iron,  nickel  and  copper;  the  sulphur  to 
sulphurous  acid,  the  iron  to  iron  oxide,  the  nickel  and  copper  chiefly 
to  sulphates.  The  sulphur,  which,  in  general,  averages  about  25  per 
cent,  is  reduced  to  about  6  or  8  per  cent,  while  the  iron  is,  in  large 
part,  oxidized  to  ferrous  oxide,  and  the*  associated  norite  or  gangue  is 
rendered  more  or  less  porous  or  disintegrated  by  the  swelling  and 
oxidation  of  the  ore.  An  analysis  of  roasted  ore,  in  December,  1888, 
gave  F.  L.  Sperry  5*40  per  cent  of  copper,  2-43  per  cent  of  nickel, 
7-92  per  cent  of  sulphur  and  25  per  cent  of  iron  and  the  rest  gangue, 
chiefly  norite  or  diorite.  L.  P.  Silver  (l)  states  that  an  average  sample 
of  the  roasted  ore  gave  3-25  per  cent  of  copper,  2  16  per  cent  of 
nickel,  8-32  per  cent  of  sulphur,  25-61  per  cent  of  iron  and  the  rest 
gangue. 

Donald  Locke  says  that  the  roasted  ore  in  1902,  being  used  by 
the  Canadian  Copper  Company,  assayed  about  1-5  per  cent  of  copper, 
2-5  per  cent  of  nickel,  6  per  cent  of  sulphur  and  26  per  cent  of  iron. 
At  the  Mond  Nickel  Company  no  assays  of  the  roasted  ore  are  made, 
as  it  is  so  variable  in  composition  and  difficult  to  obtain  representa- 
tive material,  and  one-tenth  is  added  to  the  assays  of  the  raw  ore  to 
enable  the  furnace  manager  to  make  up  a  charge  for  smelting. 

When  an  abundance  of  ore  fines  is  in  stock,  over  and  above  the 
usual  requirements  for  covering  and  finishing  the  heaps,  the  excess  is 
generally  used  to  cover  the  ground  on  which  the  roast  heap  is  to  be 

(1)  Jour.  Oan.  MIn.  Inst..  Vol.  V.,  1902,  p.  544. 
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built,  to  a  depth  of  about  six  inches.  The  material  is  thus  'caked' 
together  in  the  roasting,  and  after  having  served  for  several  roast- 
ings  is  broken  up  and  used  as  coarse  ore,  as  it  has  only  enjoyed  an 
incipient  oxidation.  These  roast  piles  are  built  up  as  follows:  the 
place  selected  may  or  may  not  be  covered  with  the  '  fines, '  as  already 
mentioned,  as  occasion  demands.  Sticks  of  cordwood,  of  nearly 
uniform  size,  should  be  placed  side  by  side  across  both  sides  and  ends 
of  the  rectangular  area.  The  whole  interior  of  this  may  be  filled  in 
with  old  stumps,  roots,  ties  or  cordwood,  as  material  comes  to  hand, 
but  in  such  a  way  as  to  form  a  level  and  solid  bed  on  which  the 
ore  is  to  rest.  Over  this  is  placed  small  wood  and  chips  to  fill  up 
all  the  larger  interstices,  care  being  taken  to  provide  small  canals, 
filled  with  kindlings,  at  intervals  of  eight  to  ten  feet,  leading  from  the 
outer  air  to  the  center  of  the  heap.  As  first  practised  these  canals 
connected  with  'chimneys'  along  the  centre,  which  were  specially 
designed  to  rapidly  and  certainly  kindle  the  whole  heap.  These 
chimneys  were  usually  built  of  four  sticks  or  old  boards,  so  fixed 
together  as  to  leave  an  opening,  communicating  below  with  the 
draught  passages.  Five  or  six  such  chimneys  sufficed  for  each  pile, 
and  they  were  made  to  project  two  feet  above  the  upper  surface  of 
the  heap,  so  that  no  pieces  of  ore  could  fall  into  the  flue  opening. 
Such  precautions,  to  ensure  certain  kindlings,  are,  however,  not  need- 
ed, and  the  canals  are  amply  sufficient  for  this  purpose;  besides,  it 
was  found  that  they  induced  undue  local  heating  in  their  immediate 
vicinity,  thus  tending  to  incipient  fusing  or  matting  of  the  ore,  which 
is  to  be  specially  guarded  against.  The  bed  of  cordwood  varies  from 
nine  to  eighteen  inches  in  depth,  according  to  the  size  of  the  pile. 
This  bed  of  fuel  being  completed  the  coarse  ore  to  the  extent  of  about 
65  per  cent  of  the  whole  heap  is  transferred  by  wheelbarrows  from  the 
cars  over  a  narrow  and  roughly  constructed  trestle  platform  running 
the  whole  length  of  the  heap.  This  plan  is  sometimes  adopted  by  the 
Mond  Nickel  Company,  at  the  Victoria  mines,  although  in  some 
instances  the  tram  cars  are  deflected  by  means  of  a  spur  or  branch 
line  of  the  aerial  tramway  running  over  the  roast  beds.  The  car 
is  then  lowered,  and  the  ore  dumped  directly  at  any  place  desired. 
The  medium  sized  ore  or  '  ragging,'  about  the  size  of  nut  coal,  is  then 
carefully  spread  over  the  coarse  ore,  and  lastly,  the  whole  heap  is 
covered  up  with  fines,  until  a  height  of  from  six  to  eighteen  feet  is 
reached,  according  to.  the  size  of  the  pile.  The  whole  structure  should 
then  form  a  shapely  rectangular  pile,  with  sharp  corners,  and  as 
steeply  sloping  sides  as  the  ore  will  naturally  lie  on  without  rolling 
(about  45°). 

The  heap  is  now  finished,  and  only  those  openings  connecting 
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with  the  canals  around  the  base  of  the  pile  are  left  exposed.  Kind- 
lings or  cotton  waste,  saturated  with  oil,  ure  applied  to  these  openings, 
and  these  are  simultaneously  ignited.  These  openings  are  themselves 
covered  with  '  fines '  as  soon  as  the  cordwood  is  burning  freely. 
In  spite  of  this  ample  covering  the  whole  of  the  fuel,  as  stated  by 
Mr.  James  McArthur,  (l)  is  burned  out  in  about  sixty  hours  after 
lighting  up.  1  A  complete  oxidizing  roasting  process  then  begins,  and 
continues  until  the  end,  namely,  until  the  sulphur  contents  are  so  far 
reduced  and  burned  off  that  there  is  not  sufficient  left  to  promote 
further  combustion.  The  remaining  portion  of  the  sulphur  (6  to  8 
per  cent)  is  enclosed  and  scaled  up  in  non-porous  portions  of  ore  or 
matte,  the  semi-fused  covering  of  which  would  require  to  be  re- 
broken  in  order  to  expose  fresh  faces  under  heat  and  thus  liberate  the 
remaining  sulphur.  This  could  only  be  done  by  turning  over  and  re- 
roasting  the  ore,  after  the  first  roast  was  finished,  but  it  is  not  at  all 
necessary  as  the  remaining  sulphur  is  essential  in  the  smelting  of 
the  ore,  in  order  to  produce  a  clean  slag.'  About  twelve  hours  after 
the  firing  the  whole  heap  should  be  pouring  forth  dense  pale  yellow 
fumes  of  sulphurous  acid.  Great  attention  is  paid  to  the  pile  for  the 
first  few  days  to  prevent  excessive  local  heating,  which  frequently 
causes  partial  fusion  of  the  ore,  this  tending  to  prevent  successful 
roasting.  The  heap  is  carefully  and  systematically  watched  day  and 
night,  and  all  holes  or  fissures,  caused  chiefly  by  settlement  due  to 
the  burning  out  of  the  fuel,  are  at  once  covered  with  '  fines '  of  raw 
ore.  After  the  first  few  days  are  over  the  pile  may  be  left  to  itself 
until  cold  enough  to  remove  to  the  storage  bins  or  furnace.  After 
the  period  of  roasting  is  over,  and  the  pile  is  cold  enough  to  be 
handled,  the  outer  covering  of  partially  roasted  ore  is  first  removed. 
This  is  more  abundant  along  the  sides  and  base,  and  the  precaution 
is  sometimes  taken  to  cover  up  these  portions  of  the  pile  with  old 
iron  sheeting,  which  materially  assists  in  preserving  the  heat,  thus 
aiding  the  roasting.  The  longer  the  period  of  roasting  the  less  the 
matting,  and,  of  course,  the  larger  the  heap,  the  smaller  quantity  of 
the  outside  covering  or  margin  is  left  only  partially  roasted.  When 
this  outer  covering  is  removed  to  be  re-roasted  the  remainder  of  the 
heap  is  conveyed  in  wheel-barrows  a  few  yards,  in  one  case,  to  a 
sunken  railroad  which  runs  alongside  of  the  roast  yards.  At  the 
Mond  Nickel  Company  it  is  loaded  into  cars,  which  are  hauled  up 
an  inclined  tramway  to  an  elevated  series  of  strong  bins  at  the 
roast  yard,  from  whence  it  is  loaded,  as  required,  into  the  aerial 
tramcars,  and  thus  conveyed  to  the  smelter. 


(1)  Ann.  Report.  Bur.  of  Mines.  Ont..  1903.  p.  300. 
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The  or©,  when  roasted,  is  aggregated  together  in  large  clinker- 
like  masses.  They  are  loosened  and  broken  up  into  suitable  pieces 
for  smelting,  usually  by  pick  and  shovel,  but  often  the  assistance  of 
explosives  is  needed  to  help  in  the  removal.  This  roasted  ore  is 
loaded  on  large  side-dumping  cars,  and  hauled  by  locomotives  to  the 
stock  bins  at  the  furnaces.  An  experienced  workman  knows  the 
difference  in  the  quality  of  roasted  ores  at  sight,  and  is  able  to  mix 
them  roughly,  as  they  are  loaded  into  the  cars  at  the  heaps,  to  be 
taken  to  the  smelter  and  dumped  into  separate  bins.  Here  it  is 
sampled,  and  again  mixed  by  the  furnace  men  and  made  into  smelt- 
ing charges  and  fed  into  the  furnaces. 

SMELTING. 

The  copper  nickel  ores  of  the  Sudbury  district  are,  at  present, 
(June,  1904,)  being  treated  by  only  one  corporation,  the  Canadian 
Copper  Company,  but  during  the  progress  of  our  work  in  1901  and 
1902  both  the  Mond  Nickel  Company  and  the  Lake  Superior  Power 
Company  were  also  conducting  smelting  operations.  The  Mond 
Company  produced  both  the  blast  furnace  or  standard  matte,  and  the 
bessemer  or  converter  matte,  while  the  last-mentioned  corporation 
restricted  their  refining  process  to  obtaining  the  lower  grade  or  blast 
furnace  matte.  The  smelter  of  the  Lake  Superior  Power  Company, 
situated  at  the  Gertrude  mines,  was  completed  early  in  June,  1902, 
and  for  some  time  was  treating  from  100  to  160  tons  of  ore  daily. 
The  matte  resulting  from  these  operations  steadily  accumulated  at 
the  works  until  the  suspension  of  all  operations  of  this  concern  in 
1903,  and,  during  this  period  about  2,000  tons  of  the  standard  matte 
were  produced.  This  matte  is  stated  to  have  contained  29  per  cent 
of  nickel  and  copper  combined,  the  proportion  of  the  niekel  to  the 
copper  being  as  2  to  1.  It  was  proposed  to  further  refine  this  product 
at  a  converter  plant  being  erected  at  Sault  Ste.  Marie,  or  to  ship  it 
elsewhere  to  be  refined.  In  addition  about  twenty  tons  of  ore  daily, 
out  of  a  total  production  of  200  tons,  were  picked  out  as  free  as  possi- 
ble from  chalcopyrite,  which  quantity  was  laid  aside  to  be  shipped  to 
Sault  Ste.  Marie  for  the  manufacture  of  ferro-nickel. 

From  1889  to  1893  the  Murray  mine  conducted  rather  extensive 
smelting  operations,  making  both  standard  and  bessemer  matte.  The 
average  of  the  lower  grade  product  was  8-5  per  cent  of  nickel  and  4 
per  cent  of  copper,  while  Walker's  analysis  of  the  latter  showed  it  to 
contain  48-82  per  cent  of  nickel  and  cobalt  and  25-92  per  cent  of 
copper.  The  Dominion  Mineral  Company,  during  the  same  period, 
produced  only  standard  or  blast  furnace  matte,  containing  from  18 
to  20  per  cent  of  copper  and  24  to  26  per  cent  of  nickel.   About  1893. 
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and  later  in  1896  and  1898,  the  Drury  Nickel  Company,  and  the 
same  corporation  reorganized  under  the  name  of  the  Trill  Mining 
Company,  smelted  and  sold  about  420  tons  of  blast  furnace  matte. 
During  the  early  '90's,  the  Canadian  Copper  Company  produced  a 
considerable  amount  of  high  grade  matte  by  the  bessemer  process, 
but  the  refiners  seeming  to  prefer  the  standard  or  blast  furnace 
matte  the  manufacture  of  this  product  was  abandoned,  and  the  besse- 
mer plant,  consisting  of  a  cupola,  and  three  converters,  located  at  the 
East  Smelter,  has  been  left  idle  for  the  greater  part  of  the  time  since. 
In  the  fall  of  1900  the  plant  of  the  Ontario  Smelting  Works  was 
installed  by  the  Orford  Copper  Company,  an  organization  closely 
related  to  the  Canadian  Copper  Company,  both  of  which,  in  April, 
1902,  were  included  in  the  amalgamation  of  these  and  kindred  cor- 
porations under  the  name  of  the  International  Nickel  Company. 
These  works  wero  designed  to  further  refine  the  low  grade  or  blast 
furnace  matte  of  the  Canadian  Copper  Company. 

Before  the  erection  of  the  new  smelter,  which  will  be  described 
and  figured  later,  the  Canadian  Copper  Company  had  smelting  plants 
installed  in  two  separate  buildings,  known  respectively  as  the  East 
and  West  Smelters.  The  processes  at  the  two  smelters  were  alike, 
and  they  differed  only  in  the  number  of  their  blast  furnaces.  At  the 
West  Smelter  there  were  eight,  and  at  the  East  Smelter  five  blast 
furnaces,  in  addition  to  the  bessemer  plant.  Lately  the  East  Smelter 
has  been  dismantled,  and  in  a  short  time  it  is  stated  to  be  the  inten- 
tion of  the  company  to  pull  down  the  West  Smelter  also,  and  con- 
centrate all  refining  operations  under  one  roof.  At  the  time  of  writ- 
ing no  smelting  is  carried  on  at  Copper  Cliff,  but  the  company  have 
leased  the  Mond  Smelter  at  Victoria\nines  for  a  period  of  six  months, 
this  lease  expiring  about  the  1st  of  August  next,  and  all  refining 
operations  going  on  at  present  are  carried  on  at  this  place. 

The  smelting  or  blast  furnaces  have  the  form  of  a  flattened  ellipse, 
are  nine  feet  in  height  to  the  charging  door,  and  measure  nine  feet  by 
five  feet  at  the  top,  and  nine  feet  eight  inches  by  four  feet  four 
inches  at  the  tuyeres,  of  which  there  are  twenty-five  (2  inch),  arrang- 
ed in  two  rows.  They  are  made  of  steel  with  a  water  space  of  two 
inches  between  the  outer  and  inner  plates,  and  have  for  a  bottom  a 
cast  iron  plate  one  and  three-quarter  inches  thick  protected 
by  fire-brick,  the  whole  supported  by  four  strong  cast  iron 
legs.  A  light  dome  of  plate  steel,  brick-lined  at  the 
top  and  sides,  covers  the  furnace,  and  in  one  side  of  this  dome,  on  a 
level  with  the  ore  bins,  is  the  feed  door.  The  furnace  gases  pass  to 
the  stacks,  (one  to  eaeh  pair  of  furnaces),  through  brick  chambers 
with  trough-shaped  sheet  iron  bottoms.   Here  the  flue  dust,  having  an 
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opportunity  to  be  precipitated,  is  taken  periodically  from  these  cham- 
bers and  added  to  the  blast  furnace  charges.  The  smelters  are  situ- 
ated at  or  near  the  ground  level,  and  ore,  coke  and  flux  are  brought 
into  the  building  on  an  elevated  track,  and  dumped  into  the  bins  on 
the  feed  floor  level.  The  well,  forehearth  or  settling  pot,  is  built  of 
cast  iron  water-jackets  in  four  sections,  with  a  water  space  of  six 
inches,  and  rests  upon  four  wheels,  for  convenience  of  moving  it 
whenever  repairs  are  necessary;  a  second  well  standing  ready  to  be 
put  in  its  place.  When  the  forehearth  is  in  position  a  square  open- 
ing on  one  side  is  fitted  by  fire-clay  to  a  corresponding  opening  in 
the  furnace,  and  the  molten  slag  and  matte  flow  into  the  forehearth 
when  the  furnace  is  in  blast.  The  feeding  of  the  furnace  is  con- 
tinued at  frequent  and  stated  intervals,  and  as  the  molten  mas9 
gathers  at  the  base  of  the  furnace  it  flows  through  the  discharge 
hole  into  the  forehearth,  where  the  heavier  or  metallic  portion, 
(matte),  sinks  to  the  bottom,  while  the  lighter  slag  rises  to  the  sur- 
face, to  flow  out  in  a  continuous  stream  from  a  water-cooled,  phos- 
phor-bronze slag  spout  to  a  McArthur  granulating  trough,  where  it 
comes  in  quiet  contact  with  a  stream  of  water  that  has  already  done 
duty  in  the  water-jackets  of  the  furnace,  and  flowing  in  the  same 
direction  as  the  stream  of  molten  slag.  This  granulated  slag  is 
carried  by  the  water,  which  gradually  filters  away  into  the  dump  or 
into  the  slag  wells,  out  of  which  the  slag  is  elevated  by  means  of  a 
bucket  elevator  into  high  waste  heaps.  From  these  immense  dumps 
road  makers,  and  especially  the  Canadian  Pacific  and  Manitoulin 
and  North  Shore  railways,  help  themselves,  loading  this  slag  on  cars 
by  means  of  steam  shovels  for  use  as  ballast,  for  which  it  is  excel- 
lently adapted.  It  is  much  heifvier  than  ordinary  ballast  and  does 
not  retain  water  and,  therefore,  is  not  so  liable  to  wash-outs,  or  to 
freeze  in  winter  and  heave  up  the  tracks,  as  does  the  ordinary  sandy 
or  silt  ballast  often  used  in  the  district. 

The  matte  is  drawn  off  periodically,  the  tap-hole  for  this  purpose 
being  situated  at  a  lower  level,  which  is  opened  with  a  pointed  iron 
rod  and  afterwards  closed  with  a  plug  of  fire-clay.  This  process  is 
usually  attended  with  a  display  of  fireworks,  but,  as  the  men  engaged 
at  it  become  very  expert,  the  stream  of  liquid  matte  is  very  quickly 
and  effectively  stopped.  The  matte  is  then  allowed  to  remain  in  the 
cast  iron  pots  or  moulds  into  which  it  has  been  tapped,  until  cool, 
when  it  is  dumped  out,  broken  by  means  of  sledge-hammers,  weighed, 
loaded  on  cars,  and  shipped  to  the  Ontario  Smelting  Works  for 
further  treatment. 

The  blast  is  furnished  by  No.  7  Connersville  blowers,  discharging 
sixty-seven  cubic  feet  of  air  blast  per  revolution,  and  making  from  90 
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to  130  revolutions  per  minute,  each  blower  being  driven  by  an  engine 
of  fifty  H.  P.  The  blast  is  delivered  at  the  tuyeres  at  a  pressure  of 
about  fourteen  to  sixteen  ounces  per  square  inch. 

The  roasted  ore,  with  which  the  furnace  is  principally  charged,  is 
a  mixture  of  oxides,  sulphates  and  sulphides  of  nickel,  copper  and 
iron,  together  with  a  certain  amount  of  the  basic  silicate  of  the  gan- 
gue.  The  process  of  smelting  is  very  economical,  the  ore  furnishing 
in  itself  the  exact  ingredients  for  fluxing.  By  the  smelting  of  the  ore 
with  a  small  quantity  of  quartz  in  the  blast  furnace,  using  from  15 
to  17  per  cent  of  Connellsville  coke,  the  iron  is  chiefly  reduced  to 
ferrous  oxide  and  forms  a  slag  with  the  gangue  and  quartz. 

Under  I  and  II,  are  analyses  of  this  slag  by  Mr.  Donald  Locke, 
late  assayer  of  this  Department.  Under  III,  is  an  average  analysis, 
published  by  Mr.  John  Hcrdt,  (*)  while  under  TV,  is  an  analysis  by 
Mr.  J.  W.  Bain.  (2) 


I. 

II. 

III. 

IV. 

34  16 

32  58 

38  00 

2667 

41  24 

44  37 

43  00 

5082 

3  62 

8  23 

6  62 

4  50 

3  38 

3  44 

2  77 

2  00 

2  95 

0  25 

0  13 

0  40 

020 
0  10 

0  23 

0  23 

0  45 

9  03 

10  41 

10  00 

12  88 

0  91 

Total*  

97  49 

97  11 

100  85 

100  52 

The  nickel  and  copper,  and  some  of  the  iron,  unite  with  the  sul- 
phur to  form  a  matte.  Under  I  and  II,  are  analyses  of  this  blast 
furnace  or  standard  matte,  the  results  obtained  by  Mr.  Donald  Locke, 
•  in  November,  1902;  under  III,  i3  an  analysis  by  Mr.  J.  W.  Bain, 
(1900) ;  under  IV,  is  the  mean  of  two  analyses  of  matte,  which  were 
made  by  Mr.  F.  L.  Sperry  on  the  22nd  February,  and  the  2nd  of 
March,  1899.  Under  V,  is  the  copper  and  nickel  determination  for 
this  matte  in  February.  1891.  while  under  VT,  are  determinations 
for  these  same  metals  by  Mr.  L.  P.  Silver  (1902). 


(1)  "  Lea  Mines  de  Nickel  du  District  de  Sudbury  (Ontario)."  Rep.  Chara 
de  Commerce.  Montreal.  1892.  p.  39. 

(2)  Ann.  Rep.  Bur.  of  Mines,  Ont..  1900  p.  217. 
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I. 

II. 

III. 

IV. 

XT 

V. 

VI 

...  -  — 

Nickel  

Iron  .   

14  69 
28  17 
31-89 
24 -9« 

14  53 

26 '34 
34  15 
24  93 

19  87 
16  75 
43  90 
18  72 
0  63 

0  05 



99  92 

26  910 
14  140 

31235 
26  950 
0  235 
0  935 

100  405 

17  24 

20  35 
16  48 

Cobalt  





Slag                   .    .  . 

IK*  85 

99  71 

38  68 

36  83 

Each  furnace,  of  which  there  were  thirteen  installed,  puts  through 
about  130  tons  every  twenty-four  hours,  the  total  capacity  being  about 
1,800  tons  per  day. 

Mr.  Donald  Locke  gives  the  following  average  for  a  day's  work 
of  a  furnace.  In  a  day  of  twelve  hours,  using  twelve  ounce  blast  pres- 
sure, there  were  smelted  264,000  pounds  of  roasted  ore,  assaying:— 

Copper   1-43  per  cent. 

Nickel   2-56 

Silica   26  00 

Sulphur   5-57 

To  this  was  added  3,600  pounds  of  quartz,  with  98  per  cent  of  ailics, 
using  45,300  pounds  coke  (17  per  cent).  There  were  produced  26.- 
318  pounds  of  matte,  containing: — 

Copper   11-90  per  cent. 

Nickel   22  10 

and  207,425  pounds  of  slag,  containing: — 

Copper  •  0-27  per  cent. 

Nickel   0  40 

Silica   32  00  " 

Iron   40  00 

An  extraordinarily  jrood  run  was  as  follows — With  a  sixteen  ounce 
blast  there  were  smelted  in  twenty-four  hours: — 

Ore   510,000  lbs. 

Quartz   2,250  « 

Using  coke   87,200  " 

There  were  produced: — 

Matte   44,231  lbs. 

Slag   439,233  " 
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The  furnace  gases  pass  to  the  stacks  (one  to  each  pair  of  fur* 
naces),  through  brick  chambers,  with  trough-shaped  sheet  iron  bot- 
toms. Here  the  flue  dust,  having  an  opportunity  to  be  precipitated, 
is  taken  periodically  from  these  chambers  and  added  to  the  blast 
furnace  charges.  Four  samples,  assayed  by  Mr.  Locke  in  1902,  re- 
sulted as  follows: — 

i.        ii.        in.  IV. 

Copper   1-45  1-49  1  55  1-39 

Nickel   3-28         3-84         3-79  3-62 

An  assay  of  a  typical  sample,  by  Mr.  L.  P.  Silver,  (•)  gave  copper 
4-25  per  cent  and  nickel  3-37  per  cent. 

In  the  roasting  of  the  ore  a  large  proportion  is  badly  roasted,  or, 
owing  to  the  heat  in  the  pile  being  too  intense,  the  ore  melts  to  matte 
and  is  not  roasted  at  all.  This  should  be  re-roasted,  and  is  so,  to  a 
certain  extent,  but  when  large  orders  are  on  hand  this  unroasted  and 
partly  roasted  ore  is  smelted  in  the  blast  furnace,  and  the  resulting 
low  grade  matte  is  '  split/  that  is,  poured  out  on  the  ground  in  layers 
of  about  half  an  inch  in  thickness,  and  broken  up.  Two  assays  of 
this  'split'  matte,  collected  in  November,  1902,  gave  Mr.  Locke  the 
following  results: — 

Nickel   2-30  per  cent.     3-43  per  cent. 

Copper   3-2(>       "  3-56  " 

Iron   63  08       "  61  18 

This  matte  usually  contains  from  7  to  15  per  cent  of  the  metals, 
and  a  typical  sample  analyzed  by  Mr.  L.  P.  Silver,  (op.  cit),  con- 
tained nickel  G.01  per  cent  and  copper  7.45  per  cent. 

This  *  split  matte '  is  broken  up  and  taken  to  the  roast-yard  where 
it  is  roasted  in  small  heaps  (about  200  tons).  After  the  necessary 
oxidation,  the  roasting  usually  lasting  about  thirty  days,  it  is  re- 
melted,  being  added  to  the  blast  furnace  charge  in  place  of  some  of  the 
ore,  the  matte  thus  produced  being  thereby  much  richer  in  metallic 
contents. 

Previous  to  the  installation  of  the  plant  at  the  Ontario  Smelting 
Works  the  Canadian  Copper  Company  still  further  refined  their  own 
blast  furnace  or  standard  matte  by  the  'Bessemer  Process.'  In 
these  earlier  years,  about  1893,  this  was  done  on  rather  an  extensive 
scale,  but  during  the  later  Ws,  there  was  no  very  constant  or  largo 
demand  foT  this  higher  grade  of  matte,  and  this  method  of  concen- 
tration was  only  practised  as  occasion  demanded.    Thn  converter 


(1)  Jour.  Can.  Mln.  Inst.,  Vol.  V„  1902,  p.  456. 
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used  was  of  the  Manches  type,  with  a  capacity  of  one  and  a  half  tons 
with  a  new  lining,  and  three  tons  with  an  old  lining. 

The  process  is  very  similar  to  that  followed  in  bessemerizing  iron. 
The  Manches  converters  are  cylindrical  shaped  vessels,  with  convex 
ends  measuring  usually  about  eight  feet  in  length,  with  a  diameter 
of  about  four  feet.  They  are  made  of  boiler  plate,  and  lined  with  a 
thick  layer  of  clay  mixed  with  quartz. 

In  the  first  years  much  of  the  quartz  used,  and  especially  at  the 
Murray  mine,  was  obtained  from  the  Bruce  mines,  where  great  quan- 
tities of  '  skimpings '  exist,  resulting  from  the  jigging  of  the  ore  from 
that  mine  during  its  operation  in  past  years.  This  material  consists 
of  the  crushed  quartzose  gangue,  cleaned  of  all  but  a  small  propor- 
tion of  the  sulphides  of  copper  constituting  the  ore.  It  carries  but 
a  small  proportion  of  feldspar.  The  silica  now  to  be  used  is  ob- 
tained from  a  large  vein  of  massive  quartz,  situated  on  the  high 
range  of  norito  hills  near  the  shores  of  Kelley  lake,  a  little  over  a 
mile  south  of  the  large  new  smelter. 

The  converter  rests,  with  its  axis  horizontal,  on  a  carriage  running 
on  a  track.  It  is  provided,  on  its  upper  side,  with  a  mouth  or  throat 
through  which  it  can  be  charged.  The  dimensions  are:  length  seven 
feet,  three  inches;  diameter  five  feet,  eight  inches.  The  blast  is 
driven  through  the  charge  from  two  parallel  series  of  small  tuyere 
holes,  piercing  the  lining  along  either  side,  below  and  along  the  length 
of  the  vessel.  Opposite  each  of  these  tuyere  holes  corresponding  holes 
are  pierced  through  the  tubes  which  run  along  the  outside  of  the  con- 
verter to  supply  them  with  blast.  These  holes  are  closed  with  wood- 
en plugs,  removable  to  admit  an  iron  bar,  which,  being  poked  through 
them,  successively  during  the  process  of  blowing,  keeps  the  tuyeres 
clear  and  the  charge  stirred. 

A  gearing  enables  the  converter  to  be  rotated  on  the  car  about  its 
horizontal  axis,  and  the  throat  having  been  thus  lowered,  a  charge  of 
low  grade  matte  from  the  well  or  forehearth  of  the  cupola  is  run  into 
it  by  means  of  a  trough.  It  is  then  rotated  back  until  the  mouth  is 
again  vertical,  and  run  around  underneath  a  large  hood  connected 
with  a  stack  in  another  part  of  the  smelter  house  where  it  is  connect- 
ed with  the  blower. 

At  first  a  pressure  starting  at  five  pounds  of  an  air  blast  is  blown 
through  the  mass  of  metal,  when  a  violent  agitation  takes  place,  and 
on  raising  the  pressure  to  seven  pounds  white  fumes  appear.  As  there 
are  none  of  the  usual  flame  reactions  the  point  at  which  to  stop  the 
blast,  after  the  iron  has  been  removed,  and  before  the  nickel  has  also 
begun  to  slag  in  undue  amount,  requires  special  experience  and 
judgment.    The  end  of  the  operation  is  determined  mainly   by  a 
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perceptible  decrease  in  the  temperature  of  the  mass,  as  shown  by  the 
flame,  but  also  of  the  fragments  splashed  or  blown  out  of  the  con- 
verter, as  well  as  by  the  size  and  appearance  of  the  particles,  which 
gradually  become  larger  and  more  frothy,  at  the  last  issuing  in 
pieces  about  the  size  of  a  man's  hand.  The  duration  of  the  blowing 
operation  depends  on  the  size  of  the  charge,  and  the  displacement  of 
the  converter  spaces  for  the  siliceous  lining  i«  gradually  appropriated 
by  the  iron  in  the  charge.  Each  charge  is,  therefore,  greater  than 
the  preceding  one,  until  the  sixth  or  seventh  charge  is  blown,  when 
the  converter  is  laid  to  one  side  for  relining.  As  a  result  of  this,  the 
continuance  of  the  blast  generally  varies  from  twenty  to  eighty  min- 
•  utes,  averaging  about  fifty  minutes. 

During  the  bessemerizing  process  the  iron  is  almost  entirely 
removed,  the  sulphur  lowered  to  from  10  to  15  per  cent,  and  the 
copper  and  nickel  combined  to  from  80  to  85  per  cent.  The  iron 
unites  with  the  siliceous  lining  to  form  a  very  fluid  slag,  which  is 
spilled  off  the  top.  The  amount  of  nickel  lost  by  oxidation  is  very 
trifling,  cobalt  is  perfectly  scorified,  zinc,  arsenic  and  antimony  are 
completely  driven  off,  while  bismuth,  silver,  gold  and  platinum  are 
entirely  concentrated  in  this  matte. 

The  following  are  analyses  of  this  bessemer  matte: — 


I. 

II. 

III. 

IV. 

V. 

VI. 

N  ickel  

Cobalt  

|S9  96 

43  36 
030 

13  76 
/  01  to 
\  0  2  ou. 

40% 

45  71 
0  40 

3135 

48-86 
081 

4118 

44  87 
0  94 
11  62 

0  3  oz. 
51  oz. 

39  64 

42  76 
1  03 
1405 

075oz. 
5  30u7.. 
0-50 

48  83 

25  92 
2  94 
22  50 

000075 
001775 

•000430 

•000056 
000057 

True-. 

Trace. 

Gold  

ffF   ,  ,  .....  

7  oz. 
0  25oz. 



P-lladiam  

0  25  oz. 

Explanations. — Analysis  I  is  by  Titus  Hike"  and  is  styled  '  a  fair 
average  analysis  of  the  Canadian  Copper  Company's  bessemer  matte.' 
(Min.  Industry,  Vol.  Ill,  1800,  p.  460) ;  II,  and  III,  are  by  Roberts- 
Austen,  (Min.  Proc.  Inst.  Civ.  Eng.,  Vol.  CXXXV.  p.  30);  IV,  is 
an  analysis  by  J.  W.  Bain,  (Ann  Rep.  Bur.  of  Mines,  Ont.,  1900,  p. 
218) ;  V,  is  an  analysis  by  L.  P.  Silver,  (Jour.  Can.  Min.  Inst.,  Vol. 
V,  1902,  p.  534) ;  VI,  an  analysis  by  Dr.  T.  L.  Walker  of  the  besse- 
mer matte  from  the  Murray  mine,  (Amer.  Jour.  Sc.  Vol.  I,  4th 
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Series,  1896,  p.  112;  also  Ann.  Rep.  Bur.  of  Mines,  Ont.,  1903,  pp. 
283-284). 

Under  Norway,  on  a  preceding  page,  analyses  of  similar  concen- 
trated matte,  obtained  from  the  Norwegian  pyrrhotite,  are  also 
quoted.  These  show  the  presence  also  of  gold,  silver  and  platinum 
in  appreciable  quantities.  Speaking  roughly  the  silver  is  only  from 
one-half  to  one-quarter  of  that  present  in  the  Sudbury  matte,  the 
gold  about  the  same  as  that  in  the  Murray  mine  matte,  which  is  only 
about  one-quarter  of  that  present  in  the  mattes  from  the  Copper 
Cliff  and  the  Victorian  mines,  while  the  metals  of  the  platinum  group 
occur  in  about  half  the  amount  of  that  present  in  the  Murray  mine, 
this  matte  itself  only  containing  less  than  half  that  usually  present  . 
in  the  mattes  produced  from  the  Copper  Cliff  and  Victoria  mines. 

Prof.  Vogt  also  gives  the  interesting  information  that  the  pro- 
portion of  these  metals  present  in  the  Norwegian  ores  and  mattes 
is  one  part  of  gold  to  twenty  of  silver,  one  of  platinum  to  thirty  of 
silver,  one  of  silver  to  5,000  of  nickel  and  one  of  platinum  to  150,000 
of  nickel. 

The  following  are  analyses  of  the  converter  or  bessemer  slag.  All 
converter  slags  are  returned  to  the  furnaces  for  re-smelting,  as  they 
are  so  high  in  nickel. 

I.  II.  III. 

Ferrous  Iron   66-6         67  1  67-6 


Silica   28-5  27-9  27-5 

Nickel   1-9  1-6  1-4 

Copper   0-8  1-2 

Sulphur  .  . .  . .  0-5  0-4  0-5 


I  and  II.  are  analyses  by  Edwards,  (Eng.  and  Min.  Jour.,  May  2nd, 
189G) ;  III.  is  an  analysis  by  L.  P.  Silver,  (Jour.  Can.  Min.  Inst., 
Vol.  V,  1902,  p.  549). 

From  about  the  beginning  of  November,  1900,  until  the  destruc- 
tion of  the  plant  early  in  the  spring  of  1904,  the  blast  furnace  matte 
produced  by  the  Canadian  Copper  Company  was  further  refined  nt 
the  Ontario  Smelting  Works,  built  and  operated  by  the  Orford  Cop- 
per Company  at  Copper  Cliff.  These  companion  were  closely  allied, 
and  wore  consolidated  in  1902  under  the  management  of  the  Inter- 
national Nickel  Company. 

The  standard  matte  is  brought  from  the  Canadian  Copper  Com- 
pany's works  on  cars,  and  put  through  a  Blake  crusher.  It  passes 
from  that  directly  into  a  Krupp  ball  mill,  where  it  is  reduced  to  a 
fine  powder.  From  the  ball  mill  it  runs  on  a  belt  conveyer,  which 
raises  it  to  a  storage  bin,  and  from  this  storage  bin  it  is  conveyed 
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still  further,  as  required,  on  belt  conveyers,  to  the  feed  hoppers  of 
the  roasting  furnace. 

The  matte  is  roasted  in  two  Brown,  straight-line,  automatic  re- 
verberatory  calcinera,  each  with  a  hearth  area  of  140  feet  by  ten  feet 
Later,  these  furnaces  were  enlarged  to  200  feet,  and  a  third  one  of 
similar  dimensions  was  also  built.  One  furnace  has  six  sets  of 
ploughs,  and  the  other  seven.  The  ploughs  make  one  complete  trip 
in  six  and  a  half  minutes.  The  plough  carriage,  on  passing  the  auto- 
matic feeder,  causes  a  certain  amount  of  the  powdered  matte  to  fall 
into  the  furnace.  Each  furnace  puts  through  forty-five  tons  of  matte 
in  twenty-four  hours,  and  reduces  the  sulphur  from  25  to  30  per  cent 
down  to  5  to  8  per  cent,  using  four  and  a  half  cords  of  wood  per  fur- 
nace per  day. 

The  roasted  matte, is  discharged  from  the  furnaces  into  the 
trough  of  a  screw  conveyer,  which  takes  it  to  the  feeding  floor  of  the 
blast  furnace. 

The  furnaces  are  of  brick,  usually  known  as  the  '  Orford '  fur- 
nace, cooled  in  the  region  of  the  tuyeres  by  water  circulating  in 
pipes  embedded  in  the  brickwork.  The  furnace  measures  fifty  inches 
by  128  inches  at  the  tuyeres,  of  which  there  are  seven. 

The  blast  is  furnished  by  two  No.  9  Sturtevant,  centrifugal  blow- 
ers. The  furnaces  are  fed  by  hand,  the  charge  consisting  of  roasted 
matte,  fed  in  powder  form,  with  quartz  tailings  and  some  roasted 
ore. 

Owing  to  the  large  amount  of  fines  in  the  charge,  great  quantities 
of  fine  dust  are  formed — forty  tons  a  week  being  a  small  figure,  and 
often  as  high  as  eighty  tons  a  week  being  produced.  This  flue  dust, 
assaying  about  11  per  cent  of  copper,  and  18  per  cent  of  nickel,  is 
put  through  the  furnace  again. 

The  matte  and  slag  flow  from  the  furnace  continuously  into  an 
Orford  siphon-tap  forehearth.  This  consists  of  a  rectangular  box 
about  four  feet  long,  two  feet  six  inches  wide  and  eighteen  inches 
high,  formed  of  cast  iron  plates  strongly  bolted  together  at  the  corn- 
ers and  lined  with  a  six-inch  brick  wall.  It  is  divided  into  two  parts, 
in  the  ratio  of  about  two  to  three,  by  a  nine  inch  division  wall,  with 
a  slot  on  the  level  of  the  floor  of  the  forehearth  through  which  the 
matte  can  flow  from  the  larger  compartment,  the  forehearth  fills, 
the  slag  being  lighter  floats,  and  only  the  matte  is  able  to  find  its  way 
to  the  smaller  compartment  through  the  slot  at  the  bottom  of  the 
division  wall. 

When  the  forehearth  is  full  matte  and  slag  are  discharged  in 
separate  and  continuous  streams,  the  former  being  received  in  cast 
iron  pots.   This  refined  product  is  shipped  to  the  Orford  Copper  Com- 
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pany,  New  York,  for  the  separation  of  copper  and  nickel.  Two 
samples  of  this  high  grade  matte,  assayed  by  Mr.  Donald  Locke, 
contained  as  follows: — 

Nickel   41-58  40-37 

Cobalt   0-71  0-78 

Copper   24-99  24-95 

Iron   9-82  9-64 

Silver   2-50  oz.  per  ton. 

Gold   0  15  oz.  per  ton.     0  10  "  " 

Platinum  ....  0-50  •<        "          0  44  "  " 

Two  samples  of  the  slag  collected  at  the  same  time,  analyzed  by 
Mr.  Donald  Locke,  gave  the  following  results:— 

Silica   3U03  26-62 

Ferrous  oxide   64-31  66-72 

Lime   0-22  0-24 

Magnesia   0  08  0  09 

Nickel   2-57  2-68 

Copper   0-56  0-77 

Alumina   0-54  0-54 

Sulphur   0-49  0-30 

Totals   99  SO  97-96 

This  slag  is  taken  to  the  Canadian  Copper  Company's  works,  and 
put  through  the  blast  furnace  to  recover  the  metal  contents,  which 
are  too  high  to  be  neglected. 

PYRITIC  SMELTING. 

Mr.  James  McArthur  is  authority  for  the  following  statement:  (') 
'  Cold  blast  pyritic  smelting  of  sulphide  ores  has  been  carried  on  in 
Canada,  off  and  on,  and  for  long  periods  at  a  time,  since  1879 ;  not  as 
an  experiment  but  as  a  process.  Thousands  of  tons  of  copper  sul- 
phide fines  have  been  smelted  with  cold  blast,  and  later  on  in  recent 
years  at  Copper  Cliff  with  cold  and  also  with  very  moderately  hot 
blast,  (the  latter  about  400°  F.),  making  in  these  recent  operations 
some  18,000  to  20,000  tons  of  matte  product.  The  coke  consumption 
was  about  5  per  cent  for  both  temperatures  of  the  blast,  the  grade 
of  matte  product  being  almost  identical.  With  a  blast  temperature 
sufficiently  high — not  less  than  1200°  F. — to  counteract  gumming  at 
tuyeres,  the  sulphur  contents  of  the  ore,  which  should  be  the  only 
fuel  used  apart  from  a  small  percentage  of  the  iron,  can  be  kept  in 


(1)  Ann.  Rep.  Bur.  of  Mines,  Ont.,  1903,  pp.  302  and  303. 
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ignition,  and  with  a  higher  pressure  of  the  blast  we  should  get  suffi- 
ciently rapid  oxidation  action,  even  in  a  large  and  fast  smelting 
furnace,  to  produce  a  direct  30  per  cent  matte,  or  even  seven  into 
one  from  a  raw  4  per  cent  ore  as  it  comes  from  the  mines,  because 
if  we  can  dispense  with  all  carbonaceous  fuel  in  first  smelting  and 
can  use  the  sulphur  contents  of  charge  in  its  stead,  we  stop  all  reduc- 
ing action,  and  in  lieu  thereof  introduce  a  complete  oxidizing  action, 
oxidizing  the  iron  and  consuming  the  sulphur  in  the  operation.' 

Just  to  what  extent  green  ore  will  be  employed,  in  place  of 
roasted  ore,  under  the  new  conditions  which  will  obtain  at  the  new 
smelter  which  is  about  to  be  described,  and  where  the  pressure  will 
be  forty  instead  of  fourteen  ounces,  cannot  be  foretold,  but  it  is  ex- 
pected that  a  very  large  amount  of  raw  ore  will  be  added  to  the  fur- 
nace charge. 

The  drawings  accompanying  this  bulletin  are  plan  and  sectional 
elevations  of  a  1000-ton  smelter  designed  by  the  Engineering  Com- 
pany of  New  York  (*).  These  were  submitted  to  the  Canadian 
Copper  Company,  who,  after  their  approval  and  adoption,  proceeded 
to  instal  this  new  smelting  and  power  plant,  in  which  are  assembled 
the  latest  and  best  improvements  and  conveniences  for  every  part  of 
the  work.  It  is  confidently  expected  that  this  smelter  will  be  in  opera- 
tion early  in  July  (1904)  (2). 

In  the  erection  of  this  smelter  there  were  several  objects  that  had 
to  be  borne  in  mind,  among  them  the  cheap  handling  of  a  large  ton- 
nage of  ore,  the  storage  during  the  winter  months  of  materials  such 
as  coke  and  coal,  which  can  be  received  by  boat  during  summer;  the 
elimination  of  all  needless  manual  labour,  and  the  thorough  effi- 
ciency of  the  power  department.  The  plant  was  designed  to  be  erected 
on  two  levels;  the  large  amount  of  slag  produced  had  to  be  taken 
into  consideration,  and  the  disposition  of  this  slag  was  an  important 
factor  in  determining  the  site.  The  plant,  as  it  now  stands,  was  built 
along  the  face  of  a  cliff  on  the  northern  side  of  the  flat  on  which  the 
town  of  Copper  Cliff  stands. 

On  the  upper  edge  of  the  cliff  a  system  of  bins  has  been  con- 
structed for  storage  purposes.  The  smelter  building  proper  is  situated 
parallel  to  these  bins,  with  the  power-house  at  the  northeastern  end. 
A  trestle  was  built  on  the  grade  level  of  the  bottom  of  the  bins,  which 
is  also  the  grade  level  of  the  charging  floor  connecting  the  chargiug 
floor  with  the  bins  and  also  with  the  power-house,  making  a  circular 
track,  running  on  both  sides  of  the  furnaces,  and  passing  the  coal 

(1)  The  blocks  for  the  drawings  reproduced  In  this  report  were  kindly 
loaned  by  the  Engineering  and  Mining  Journal  of  New  York. 

(2)  Eng.  Mln.  Jour..  Vol.  LXXVL.  Dec.  31st.  pp.  1003-1009. 
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chute  in  front  of  the  power-house.  After  roasting  the  ore  is  loaded 
into  fifty-ton  hopper  bottom  cars,  and  drawn  up  to  the  top  of  thebitu 
by  seventy-ton  locomotives.  The  track  leading  to  the  trestle  is  on  an 
easy  grade  all  the  way,  and  is  also  connected  with  the  main  line  lead- 
ing to  the  Canadian  Pacific  railway. 

All  ore,  flux,  coke,  &c.  is  handled  on  these  tracks,  and  dumped 
directly  into  the  bins.  Running  on  the  circular  track  underneath 
the  bins,  and  into  the  smelter  building  and  past  the  power  house,  is 
an  electric  railroad,  with  side-dumping  cars  drawn  by  electric  locomo- 
tives. The  ore,  coke,  &c,  is  loaded  into  these  cars,  and  weighed  on 
the  end  of  the  trestle.  The  furnace  charge  is  dumped  direct  into  the 
furnaces,  and  the  coal  into  the  pockets  next  the  power-house. 

As  shown  by  the  sectional  elevations  the  site  consists  of  two 
levels,  with  a  difference  of  thirty-five  feet  in  elevation.  The  upper 
level  is  the  same  elevation  as  the  feed  floor,  and  is  occupied  by  a 
double  track  pocket  trestle,  35  x  35  x  600  feet. 

On  the  lower  level  are  located  the  power-house,  156  x  102  feet; 
the  blast  furnace  building,  84  by  283  feet;  the  foundation  for  the 
trestle  carrying  the  electric  tramway,  connecting  the  storage  pockets 
with  the  feed-floor;  the  coal-bins  of  the  boiler  room;  the  dust- 
chamber,  sixteen  feet  wide,  eighteen  feet  high  and  444  feet  long;  the 
stock,  fifteen  feet  inside  diameter,  210  feet  high;  together  with  the 
necessary  slag-tracks,  sunken  tracks  for  loading  metal  for  shipment, 
tracks  to  store-house,  &c. 

The  power-house  is  equipped  with  two  Nbrdberg  Manufacturing 
Company's  horizontal,  cross-compound,  condensing,  blowing  engines, 
with  steam  cylinders  thirteen  inches  and   twenty-four   inches  by 
forty-two  inches,  and  air  cylinders,  fifty-seven  inches  and  fifty-seven 
inches  by  forty-two  inches.   When  operating  under  the  usual  working 
conditions  these  engines  will  deliver  20,000  cubic  feet  of  free  air  per 
minute,  against  a  pressure,  of  forty  ounces,  for  use  in  the  blast  fur- 
naces.   One  Nordberg  Manufacturing  Company's  horizontal  cross- 
compound,  condensing,  blowing  engine,  with  steam  cylinders  fifteen 
inches  and  thirty  inches  by  forty-two  inches,  and  air  cylinders  forty 
inches  and  forty  inches  by  forty-two  inches,  will  deliver  10,000  cubic 
feet  of  free  air  per  minute,  against  a  pressure  of  fifteen  pounds,  for 
use  in  the  converters.    Two  thirteen  inch  and  twenty-six  inch  by 
twenty  inch  horizontal,  compound,  condensing  engines,  built  by  the 
Robb  Engineering  Company,  to  each  of  which  is  directly  connected 
one  200  kw.  600-volt,  three  phase  alternating  current  generator,  built 
by  the  Canadian  General  Electric  Company,  each  generator  having 
its  own  exciter  of  eleven  kw.  capacity  belt  driven  from  generator 
shaft.    The  electrical  energy  thus  generated  is  used  for  hoisting 
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in  and  pumping  at  the  mines,  operating  the  electric  tramway  for 
charging  cars  burning  the  converters,  and  operating  the  travelling 
crane  in  the  furnace  building.  The  station  is  also  equipped  with 
one  twenty-five  kw.  motor-driven  generator  set,  for  furnishing  direct 
current  to  the  electric  locomotives.  A  travelling  crane  is  installed 
in  the  engine-room  for  handling  all  this  apparatus.  A  gravity  oiling 
and  oil  Alteration  system  is  installed  on  all  engines. 

In  the  boler-room  the  present  installation  of  boilers  consists  of 
four  400-H.  P.,  150  pound  pressure,  horizontal  water-tube  boilers,  built 
by  the  Aultman  &  Taylor  Machinery  Company,  of  Mansfield,  Ohio, 
and  space  is  provided  for  two  more  boilers  of  the  same  size.  The 
boilers  are  equipped  with  Potter  Super-heaters  and  Tread-Kill  shak- 
ing grates.  The  ashes  are  removed  from  the  boiler  ash-pit  by  opening 
a  grate  in  the  bottom,  which  permets  them  to  fall  into  a  bucket  rest- 
ing on  a  small  flat  car,  which  runs  on  a  track  in  the  ash-tunnel  under 
the  boilers.  The  car  is  then  run  outside  of  the  building  and  a  hoist 
lifts  the  bucket  and  dumps  the  ashes  into  an  ash-bin,  from  which  it 
runs  into  cinder  cars. 

Coal  is  brought  to  the  power  plant  by  the  electric  locomotive  train 
above  referred  to,  and  dumped  into  bins  built  in  the  trestle  along  the 
west  side  of  the  building.  Then  it  runs  through  coal  chutes  to  one- 
half  ton  coal  cars  in  the  boiler-room,  from  which  cars  it  is  shovelled 
into  boiler  furnaces. 

The  only  available  water  for  boiler  use  contains  considerable  sul- 
phuric acid  and  scale-forming  elements,  and  to  eliminate  these  the 
water  is  subjected  to  a  chemical  treatment  and  precipitation  in  a 
water  purifying  system  built  by  the  Industrial  Water  Company  of 
New  York.  In  this  way  the  acid  is  neutralized,  and  the  scale-form- 
ing material  is  removed  before  the  water  enters  the  boilers.  The 
condenser  is  of  the  elevated  barometric  shape,  built  by  the  Alberger 
Condenser  Company,  of  New  York. 

The  blast  furnace  building  contains  two  sectional,  rectangular, 
water-jacketted,  HolthofF  copper  blast  furnaces,  three  stands  for 
Ilolthoff  converters,  one  forty-ton  electric  crane,  the  necessary  matte- 
settlers,  clay  mills,  silica  and  clay  storage  bins,  etc.  Room  is  pro- 
vided for  expansion. 

In  operation,  the  ore,  coke  and  flux  for  the  blast  furnaces,  silica 
and  clay  for  lining  the  converters,  and  coal  for  the  boilers  are  deliv- 
ered into  the  top  of  the  trestle  pockets  by  standard-gauge  cars — 
IngoMsby  drop-bottom  in  the  case  of  the  ore — and  drawn  from  the 
bottom  of  the  pockets  into  trains  of  six  two-ton.  thirty-six  inch  gauge, 
side-dump  Koppel  cars,  which  are  hauled  to  the  blast  furnace,  silica 
and  clay  storage  bins,  or  coal  bins,  by  twenty-five  H.  P.  Canadian 
General  Electric  Company  electric  locomotives. 
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The  slag  and  matte  runs  from  the  blast  furnace  into  sixteen  inch 
settlers,  the  slag  overflowing  into  thirty-ton  Pollock  cinder  cars,  which 
are  hauled  to  the  dump  by  the  standard  gauge  locomotives.  The 
matte  is  tapped  into  ten-ton  cast-steel  ladles  and  taken  to  the  conver- 
ter by  a  forty-ton  Case  Manufacturing  Company's  electric  crane.  The 
same  crane  removes  the  converter  shells  for  re-lining,  and  takes  care  of 
tne  converter  slag  and  white  metal,  pouring  them  into  moulds  for  re- 
turn into  the  pocket  trestle,  or  for  shipment  to  the  refinery.  The  coal 
bins  at  the  boilers,  and  the  silica  and  clay  bins  at  the  clay  mills,  are 
kept  full  by  six-car  trainloads  of  material. 

The  flue  dust  is  drawn  from  the  dust  chamber  into  a  standard 
gauge  bottom-dump  gondola,  especially  fitted  for  the  service,  and  this 
car  is  hauled  to  the  top  of  the  pocket  trestle  on  the  upper  level,  and 
the  dust  drawn  into  a  pocket  fitted  for  the  purpose,  whence  it  is 
drawn  to  a  briquetting  machine,  pressed  into  briquettes  and  added  to 
the  charge. 

The  electric  tramway  consists  of  two  parallel  thirty-six  inch  gauge 
tracks,  running  under  two  lines  of  grates  under  the  pocket  trestle,  then 
over  suspension  scales  to  opposite  sides  of  the  furnaces  on  the  feed- 
floor  level,  passing  over  the  top  of  the  boiler  room,  coal  bins  and*  con- 
verter lining  ho\ise,  silica  and  clay  bins.  The  two  tracks  have  cross- 
over connexions,  but,  under  normal  working  conditions,  each  track 
carries  a  train  entirely  independent  of  the  other. 

The  blast  furnaces  are  fifty  by  204  inches  at  the  tuyeres ;  fourteen 
feet  nine  inches  from  centre  of  tuyeres  to  the  feed-floor,  and  have, 
on  each  side,  four  lower  jackets,  each  fifty-one  inches  wide  and  eight 
feet  six  inches  high,  and  two  upper  jackets  eight  feet  six  inches 
wide,  and  six  feet  high.  Each  lowerside-jacket  carries  four  six-inch 
tuyeres.  Both  ends  of  the  furnace  are  made  alike,  so  that  either 
end  can  be  used  for  removing  matte  and  slag.  There  is  no  brick  work 
under  the  deck  beams.  The  converters  are  eighty-four  by  126  inches 
and  arc  tilted  by  a  train  of  gears  and  a  worm,  driven  by  the  electric 
motor. 

The  water  for  the  plant  is  supplied  by  a  sixteen  inch  pipe,  running 
from  a  dam  situated  about  5,000  feet  from  the  plant  itself.  The  water 
is  run  by  gravity  into  the  jackets,  and  when  drawn  out  is  pumped  in- 
to a  tank  above  the  smelting  tank,  for  fire  purposes,  or  into  the  reser- 
voir which  is  near  the  foot  of  the  plant,  and  the  hot  water  is  also 
used  in  the  boilers  in  order  to  economize  at  that  point. 

The  Mond  Nickel  Company  refine  the  ore  from  their  own  deposits 
at  Victoria  Mines,  a  station  on  the  '  Sault  branch  '  of  the  Canadian 
Pacific  railway,  twenty-two  miles  west  of  Sudbury.  Their  smelter,  be- 
fore the  erection  of  the  new  one  now  about  completed  at  Copper  Cliff, 
was  the  most  modern  and  best  equipped  in  the  district.   It  not  only 
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produces  standard  or  blast  furnace  matte,  but  further  besseinerizes 
this  into  a  concentrated  matte  containing  about  80  per  cent  of 
nickel  and  copper,  these  two  metals  being  present  in  about  equal 
amounts,  18  per  cent  of  sulphur,  about  0-75  per  cent  of  iron,  and 
0-25  per  cent  of  silica.  This  is  sent  to  England  to  be  treated  there 
by  the  Mond  process  for  copper  and  nickel.  Difficulties  in  connex- 
ion with  the  operation  of  their  refining  at  Clydach,  Wales,  have,  for 
the  time  being,  caused  a  suspension  in  their  mining  and  nietallurgi- 
cal  operations  in  the  Sudbury  district,  while  their  smelter  has  been 
operated  by  the  Canadian  Copper  Company  under  a  six  month's 
lease,  which  expires  about  August  1st  next  (1904).  It  is  authora- 
tively  stated,  however,  that  these  difficulties  have  now  been  success- 
fully overcome,  and  that  their  refinery,  greatly  enlarged  and  with  all 
the  necessary  changes,  is  ready  to  go  to  work.  It  is  confidently  ex- 
pected that  immediately  on  the  expiration  of  the  Canadian  Copper 
Company's  lease  the  smelter  will  again  resume  operations,  under  the 
former  management,  on  even  a  larger  scale  than  before.  The  North 
Star  mine,  on  the  Manitoulin  and  North  Shore  railway,  is,  at  pre- 
sent, being  developed  under  option  by  this  company,  under  the  direc- 
tion of  Mr.  C.  V.  Corless,  and  the  ore  secured  is  shipped  to  Victoria 
Mines  for  treatment. 

The  roasting  of  the  ore  is  carried  on  as  at  the  Canadian  Copper 
Company's  works.  The  roasted  ore  is  brought  to  the  smelter  by 
means  of  on  aerial  tramway  from  the  roast  yards,  which  are  about 
one  mile  distant. 

The  smelter  is  erected  on  a  sloping  hillside,  and  has  three  levels, 
those  of  the  feed  floor,  the  furnace  floor  and  the  converter  floor.  Tlw 
roasted  ore  is  brought  into  the  smelter  to  a  platform  above  the  third 
level,  where  the  tubs  are  received  by  a  boy  after  having  been  auto- 
matically unhitched  from  the  haulage  rope.  The  boy  runs  the  tubs 
to  the  bins,  tips  them  and  hitches  them,  again  empty,  to  the  out- 
going rope.  The  ore  bins  are  situated  above  and  behind  the  feed 
floors,  so  that  the  roasted  ore  can  easily  be  discharged  through  chutes 
into  the  dump  cars  on  the  feed  floor. 

Assays  of  the  roasted  ore  are  not  made  owing  to  the  difficulty  of 
selecting  samples,  and  without  careful  sampling  widely  different 
results  are  sure  to  be  obtained.  For  the  purpose  of  deciding  the 
proper  proportions  of  ore  to  be  included  in  the  furnace  charges  one- 
tenth  is  added  to  the  assays  of  the  raw  ore.  The  averages  of  the 
daily  assays  of  raw  ore  for  July  and  September,  1902,  made  by  Mr. 
T.  M.  Paris,  chemist  to  the  Mond  Nickel  Company,  are  given  under 
I  and  II  respectively,  while  under  ITI  is  given  an  average  of  sev- 
eral months'  assays. 
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l  n.  in. 

Nickel                           2-67  3-21  3  05 

Copper                           2-81  2-41  305 

Insoluble                       17-20  13-90  17  01 


The  ore  is  smelted  in  rectangular,  steel,  water- jacketed  furnaces, 
twelve-feet  high,  forty-two  by  120  inches  at  the  tuyeres,  and  increas- 
ing slightly  towards  the  top.  The  two  furnaces  (only  one  runs  at  a 
time)  have  each  sixteen  tuyeres,  eight  on  each  side,  a  cast  iron  water- 
cooled  tap  jacket  and  Hixon  slag  spout  This  consists  of  a  coil  of 
one  inch  piping,  cast  around  with  cast  iron  so  as  to  form  a  channel 
some  four  feet  long,  through  which  the  matter  and  slag  flow  continu- 
ously into  the  forehearth.  The  spout  is  fully  described  in  Hixon's 
'  Lead  and  Copper  Smelting/  pp.  28-30.  One  furnace  puts  through 
about  170  tons  a  day,  made  up  (for  example)  as  follows: — 120  charges 
each  containing: — 


A. 

B. 

200  lbs. 

250  lbs. 

.  ..      500  " 

500  »• 

300  " 

250  " 

1,800  " 

Coke  

.  ..      300  " 

300  " 

The  tailings  are  practically  pure  quartz,  with  a  small  percentage 
of  copper  from  the  Bruce  mines. 

The  North  Star  ore  (obtained  from  the  North  Star  mine)  is  not 
roasted,  and  the  quantity  used  is  varied  according  to  the  amount  of 
sulphur  in  the  roasted  ore.  The  charges  are  dumped  directly  from 
the  dump-cars  into  the  furnace  through  the  open  top,  alternate 
charges  being  fed  to  the  sides  by  means  of  a  simple  device  consist- 
ing of  a  wrought-iron  pipe  about  eight  inches  in  diameter  through  the 
length  of  the  furnace  opening,  and  let  down  about  three  feet  into  the 
furnace.  On  this  the  charge  falls  and  is  deflected  towards  the  sides. 
The  blast  for  each  furnace  is  furnished  by  a  No.  6  Green  blower. 
The  forehearth  is  of  boiler  iron,  ten  feet  in  diameter,  with  six  inch 
lining  of  fire-clay  and  quartz.  In  this  the  matte  and  the  slag  have 
every  opportunity  for  a  complete  separation,  and,  owing  to  its  large 
size,  the  converter  foreman  can  always  be  assured  of  having  sufficient 
matte  ready  for  him  when  he  requires  it.  When  the  hearth  fills  the 
slag  spout  is  at  first  kept  stopped  up.  so  that  the  bath  rises  right  to 
the  top  of  the  hearth  and  a  stiff  slag  crust  forms,  which  is  covered 
with  a  layer  of  non-conducting  coke.    This  forms  the  hearth  cover. 
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After  the  formation  of  the  cover  the  slag  spout  is  opened  and  the  slag 
overflows  and  is  granulated  by  falling  into  a  powerful  stream  of 
water,  and  is  carried  to  the  slag  dump  by  means  of  a  large  cast-iron 
pipe. 

Under  I  is  given  the  average  of  the  blast  furnace  slag  assays  for 
September,  1902;  II  is  the  average  for  several  months  in  the  same 
year,  by  Mr.  T.  M.  Paris,  of  the  Mond  Nickel  Company,  while,  under 
III,  IV  and  V  are  similar  assays,  by  Afr.  Donald  Locke  of  this 


I.  II.  Ill  TV.  V. 

Nickel                      0-30  0-34  0-31  0-25  0-28 

Copper                      0-36  0-35  0-33  0-28  0-29 

Silica                      31-20  31-31  30-50  32  00  30-70 


The  matte  is  tapped  periodically  through  the  water-cooled  tap- 
hole  flowing  through  sheet-iron  channels  lined  with  clay  into  the 
converters,  which  are  situated  on  the  lowest  level  of  the  smelter. 
About  twenty  to  twenty-five  tons  of  matte  are  produced  per  day  by 
one  furnace. 

Under  I  is  piven  the  nverage  of  the  metal  contents  of  this  blast 
furnace  or  standard  matte  for  September,  1902.  Under  II  the  aver- 
age for  several  months,  in  the  same  year,  by  Mr.  T.  M.  Paris,  whilo 
HI.  IV  and  V  are  assajs  by  Mr.  Donald  Locke  of  this  Department. 

I.         II.        III.        IV.  V. 

Nickel   15-20     16-53     13-80     15  00  15-50 

Copper   13  14     16-22     12  10     11-80     12  00 

In  the  converter  department  are  six  Leghorn  converters,  only  one 
of  which  is  in  use  at  a  time,  the  others  being  repaired,  lined  or  dried. 
The  lining  consists  of  a  mixture  of  quartz  and  clay,  the  quartz  being 
crushed  and  then  ground  in  a  Chilian  mill,  where  it  is  also  mixed 
with  the  clay  and  moistened. 

In  lining  a  converter  the  bottom  is  first  put  in  and  tamped  firm; 
a  tapering  iron  tub  is  then  placed  in  the  converter,  and  round  this 
the  lining  is  firmly  tamped.  When  the  lining  is  completed  to  the  top 
of  the  tub  the  tuyere  holes  are  punched,  the  tub  lifted  out,  and  the 
top  of  the  converter  put  on.  This  is  then  lined  and  the  converter 
moved  to  where  a  blast  pipe  can  be  connected.  A  wood  fire  is  lighted 
and  the  blast  turned  on.  The  fire  is  kept  up  until  the  converter  is 
wanted.  The  converters  are  moved  from  place  to  place  by  means  of 
a  travelling  electric  crane,  commanding  the  whole  floor  of  the  con- 
verter department. 

The  first  charge  of  a  newly  lined  converter  is  only  about  one  ton, 
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but  as  the  lining  is  eaten  away  the  size  of  the  charge  increases,  the 
average  charge  being  about  two  tons.  A  lining  lasts  from  eleven  to 
twelve  hours,  about  six  charges  being  blown  in  this  time.  A  blast  of 
ten  pounds  pressure  is  employed. 

During  the  blowing  of  a  charge  the  slag  is  twice  poured  off  into 
slag  pots  by  tipping  the  converter,  the  blast  being  turned  off  during 
the  pouring.  The  finished  matte  is  poured  into  a  clay-lined  bucket, 
which  is  carried  by  the  electric  crane,  and  the  matte  topped  from  it 
into  flat,  cast-iron  moulds. 

The  following  is  an  analysis  of  a  clean  converter  slag,  by  Mr. 
Donald  Locke  of  this  Department. 


Silica   33-40 

Ferrous  oxide   46-50 

Lime   0-93 

Magnesia   0  08 

Nickel   0-55 

Copper   0-45 

Alumina   4  (50 

Sulphur   1  17 


The  total  amount  of  copper  and  nickel  skimmed  off,  or  poured 
from  the  matte  during  the  converting,  is,  of  course,  much  larger  than 
this,  as  the  last  skimming  contains  much  pasty,  half-fused  substance 
containing  matte,  nnd  being  higher  in  nickel  than  the  clean  slag. 
The  average,  therefore,  of  the  converter  slags  would  be  considerably 
higher  in  nickel,  averaging  about  15  per  cent  of  copper  and  from  1-5 
to  2  per  cent  of  nickel. 

The  bessemer  or  converter  matte  contains  as  follows,  according  to 
two  analyses  by  Mr.  Donald  Locke  of  this  Department: 


Nickel                                       41-88  41-23 

Cobalt                                         0-33  0-52 

Copper                                      37-37  37-83 

Iron                                             1-07  0-77 

Gold  Ms  of  an  oz.  to  a  ton  of  2,000  lbs. 

Silver  4-87  oz. 

Platinum  0-40  oz.  u 


The  slag  is  broken  as  soon  as  it  sets,  loaded  into  small  cars  and 
raised  to  the  feed  floor,  to  be  put  through  the  blast  furnac«  on  an 
inclined  elevator  on  the  west  side  of  the  smelter. 

The  matte,  when  cold,  is  crushed  in  a  Blake  crusher,  and  packet.! 
in  barrels  to  be  sent  to  England  for  further  treatment. 

A  railway  track  passes  the  lowest  level  of  the  smelter  to  take 
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away  finished  products,  etc.,  and  a  track  enters  the  upper  level  to 
bring  coke,  raw  ore,  quartz,  etc. 

The  engine  house,  situated  to  the  west  of  the  smelter,  contains 
the  Riedler  blowing  engine  for  the  converter,  the  blowers  for  the 
blast  furnaces,  a  pump  to  furnish  the  hydraulic  power  for  turning 
the  converters,  two  dynamos — one  working  by  day  and  one  by  night 
— which  supply  light  and  power  for  the  crane  for  the  two  crushers — 
one  for  matte,  the  other  for  the  quartz  for  the  converters — for  the 
Chilian  mill,  and  for  the  aerial  tramway.  Power  is  furnished  by  five 
horizontal  tubular  boilers. 

REFINING  OF  NICKEL. 

The  subject  of  nickel  has  not,  until  quite  recently,  received  from 
truly  scientific  men  that  proper  share  of  attention  and  inquiry  which 
the  known,  desirable,  physical  properties  of  the  metal  demanded, 
these  giving  ample  promise  of  its  wide  industrial  application.  Sev- 
eral reasons  might  be  assigned  for  this  apparently  unwarranted 
apathy  in  regard  to  such  a  hopeful  field  of  inquiry,  but,  doubtless, 
the  most  important  influence  related  directly  to  the  apparently  lim- 
ited distribution  and  supply  of  ores  containing  this  metal,  and  the 
great,  and,  for  a  long  time,  insuperable  difficulties  encountered  in 
all  attempts  at  refining  the  ores  so  as  to  obtain  an  absolutely  pure 
and  uniform  product.  From  1840  to  1860  the  production  of  nickel 
was  less  than  200  tons  annually,  derived  principally  from  the  mines 
of  Saxony  and  Hungary,  with  much  smaller  quantities  from  Sweden 
and  Norway.  Between  the  latter  date  and  the  year  1876  the  greatest 
proportion  of  the  world's  supply  of  nickel  was  obtained  from  the 
mines  of  Norway  and  Sweden,  with  much  smaller  quantities  from 
Saxony,  Hungary  and  the  United  States.  Careful  examination  of 
the  occurrences  of  these  nickel  deposits  in  the  countries  mentioned 
indicated  their  probable  exhaustion  at  no  distant  date,  especially  if 
called  upon  to  maintain  a  large  and  steady  output.  The  prospecting 
undertaken  resulted  in  no  new  discoveries  of  a  startling  nature,  and 
everything  pointed  to  a  comparatively  limited  supply  and  demand. 
This  state  of  affairs  continued  until  about  the  year  1882,  when  the  ores 
from  the  New  Caledonia  mines  began  to  flood  the  market.  A  period  of 
over-production  followed,  with  its  accompanying  losses  and  uncer- 
tainties. The  discovery  of  the  Sudbury  ores,  in  1883,  proved  n  still 
further  disturbing  feature,  although,  at  the  same  time,  it  prompted 
and  stimulated  that  scientific  inquiry  which  had  been  so  long  delayed, 
resulting  in  the  discovery  of  several  processes,  some  of  which  although 
far  from  realizing  expectations  in  regard  to  simplicity,  economy  and 
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ease  of  manipulation,  have  produced  metallic  nickel  on  a  commercial 
basis  which  contains  as  high  as  99  -70  to  99  *82  per  cent  of  fine  nickel, 
the  impurities  being  chiefly  very  small  quantities  of  carbon,  iron  and 
sulphur. 

Another  influence  which  has  contributed  in  no  small  measure  to 
retard  the  progress  of  nickel  metallurgy,  and,  no  doubt,  prevented 
the  wide  industrial  employment  of  nickel,  is  the  secrecy  which  has 
always  been  maintained  by  most  companies  who  have  been  or  are 
engaged  in  the  mining  and  smelting  of  nickel  The  indifference  and 
at  times  positive  unwillingness  to  impart  information  which  would 
be  of  value  or  profit  to  the  general  public  has  probably  received  no 
greater  emphasis  than  in  the  case  of  nickel.  Various  excuses,  more 
or  less  urgent  or  reasonable,  are  furnished  by  those  in  control  to 
account  for  their  action  in  this  respect,  but  gradually  this  barrier  of 
silence  is  being  withdrawn,  and,  in  the  case  of  the  Sudbury  district, 
the  managers  of  the  two  principal  companies  have  lately  shown  * 
commendable  desire  to  give  all  reasonable  details  in  regard  to  the 
mining  and  smelting  operations  carried  on  in  Canada. 

This  universal  secrecy  has,  in  the  past,  not  only  been  maintained 
with  regard  to  the  exact  location,  extent  and  production  of  the  indi- 
vidual mines  themselves,  but  was  especially  extended  to  embrace  the 
metallurgical  treatment  of  the  ores,  even  in  the  preliminary  stages 
of  roasting,  matting  and  bessemerizing,  while  many  of  the  small  de- 
tails, on  which  most  of  the  success  of  the  later  refining  methods 
depend,  are  still  jealously  repressed,  or  made  known  in  such  vague 
terms  as  to  be  practically  valueless.  All  of  our  text  books  seem  in 
sympathy  with  this  lack  of  desire  to  impart  information,  and,  in 
most  of  those  reference  to  the  subject  of  nickel,  or  accurate  and 
detailed  knowledge  in  regard  to  this  metal,  is  conspicuous  by  its 
absence.  The  secrecy  was,  no  doubt,  in  the  first  place,  prompted  by 
the  desire  of  deterring  others  from  engaging  either  in  the  mining  or 
refining  of  nickel,  and,  if  so,  it  has  utterly  failed  in  its  purpose.  It 
has  permitted,  and  even  greatly  favoured,  the  spreading  of  the  wild- 
est and  most  exaggerated  statements  in  regard  to  the  enormous  pro- 
fits accruing  to  all  engaged  in  this  business. 

The  public,  and  especially  those  who  are  interested  in  mining,  are 
being  constantly  apprised  of  the  location  of  nickel  deposits  which 
not  only  surpass  all  others  in  point  of  magnitude  but  also  in  their 
peculiar  adaptability  for  refining  purposes.  Further  investigation, 
by  competent  individuals,  (when  such  are  available,  or  happily  chosen) , 
usually  discloses  some  well  known  prospect  or  abandoned  mine.  On 
the  other  hand,  men  who  are  possessed  of  ample  means,  and  are  will- 
ing to  devote  a  considerable  portion  to  the  promotion  of  some  legi» 
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timate  mining  or  smelting  proposition,  are  often  approached  by  so- 
called  experts,  with  a  supposed  new  and  secret  process,  but  which  is 
already  well  known  to  a  certain  few,  favoured  individuals,  who  have 
already  expended  large  sums  only  to  find  that  it  is  not  a  commercial 
possibility.  Very  few  people  have  the  necessary  knowledge  or  any 
means  of  verifying  or  refuting  the  statements  of  these  interested 
individuals,  and  are  thus  often  prompted  to  unusual  and  unwise  ex- 
penditures, while,  on  the  other  hand,  their  ill  success  in  these  par- 
ticulars prevents  them  from  investing  in  some  good,  wholesome  min- 
ing and  metallurgical  enterprise  when  occasion  offers,  which,  if  full 
details  were  available  and  offered,  would  not  be  the  case.  Fling  wide 
the  gates  of  knowledge;  break  down  the  harriers  of  silence;  and  it 
is  confidently  predicted  that  the  resulting  free  and  wide  exchange  f.»f 
opinions  and  experience  will  be  of  incalculable  benefit,  not  only  to  the 
smelters  and  refiners  who  are  engaged  in  the  nickel  industry,  but 
will  prompt,  encourage  and  direct  the  inquiring  students  and  investi- 
gators of  nickel,  with  profit  to  the  whole  of  mankind. 

Numerous  processes  for  the  refining  of  nickel  have  been  suggested 
and  published,  and,  in  many  cases,  elaborate  experiments  have  been 
conducted,  with  varying  degrees  of  success,  to  determine  definitely 
their  economic  practicability.  These  could  not  be  adequately  or  even 
satisfactorily  discussed  or  explained  within  the  scope  of  the  present 
report  even  if  all  the  necessary  details  were  available  for  publica- 
tion, but  it  may  be  well  to  refer,  in  general  terms,  to  a  few  of  those 
which  are  either  at  present  producing  nickel  on  a  commercial  basis, 
or  seem  to  give  promise  of  doing  so  in  the  near  future. 

All  of  these  methods  are  based  on  certain  well  known  and  long 
established  principles,  which  have,  in  some  instances,  been  workod 
out  in  more  or  less  detail,  and  which  are  embraced  under  the  general 
description  of  the  so-called  *  wet '  and  *  dry '  processes.  Certain 
minor  changes  and  additions,  chiefly  in  details,  have  made  the  latest 
refining  of  nickel  much  more  readily  .and  economically  possible. 
Even  with  the  present  improvements,  both  are  open  to  very  serious 
and  grave  objections,  as  their  adoption,  in  the  first  place,  necessitates 
a  very  large  and  expensive  plant,  which  is  liable  to  frequent  renewal 
and  change,  while  the  many  complicated  operations,  which  are  still 
far  from  being  fully  understood  and  the  reactions  appreciated,  must 
entail  a  loss  which  is  far  from  negligible.  At  the  same  time,  however, 
the  final  product  has,  of  late  years,  been  all  that  could  be  desired 
from  a  commercial  point  of  view.  The  'wet'  process,  especially, 
which  imitates,  although  on  a  large  scale,  the  operations  carried  on 
in  the  chemical  laboratory  for  the  analysis  of  nickel,  needs  a  very 
large  and  expensive  plant  if  any  extensive  output  is  contemplated. 
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Thin  must  occupy  a  considerable  area  of  ground,  while  a  very  long 
time  must  necessarily  elapse  before  the  ore  is  sufficiently  refined  to 
permit  of  its  being  placed  upon  the  market.  In  the  case  of  the  Gap 
mine  it  has  been  stated  that  a  year  sometimes  passed  from  the  time 
the  ore  was  taken  from  the  mine  before  the  product  was  in  market- 
able shape. 

The  present  methods  of  treatment  make  use  of  some  of  the  more 
valuable  features  of  both  the  '  wet '  and  the  '  dry '  processes,  calling 
in  the  assistance  of  electrolysis  in  the  final  stages,  and  thus  obtaining 
the  metal  in  very  pure  form.  In  the  treatment  of  the  concentrated 
nickel-copper  matte  for  the  nickel-copper  alloys,  usually  referred  to 
under  the  genera]  name  of  German  silver,  this  bessemerized  matte  is 
first  crushed  to  powder  and  roasted  in  a  reverberatory  furnace  to 
remove  all  the  sulphur,  and  the  oxides  arc  reduced  directly  to  the 
alloy,  either  by  smelting  with  charcoal  or  by  reducing  gases. 

In  the  treatment  of  the  concentrated  nickel-copper  matte  for 
nickel  mntte,  nickel  oxide  and  metallic  nickel,  the  most  important 
methods  for  the  separation  of  the  nickel  and  copper  are  the  Orford 
or  American  process,  the  Mond  process  ami  some  electrolytic  pro- 
cesses. 

Nearly  the  whole  of  the  matte  produced  by  the  Canadian  Copper 
Company  is  refined  by  the  Orford  Copper  Company  at  their  works 
at  Constable  Hook,  N.J.,  opposite  Brighton,  Staten  island,  by  what 
is  known  as  the  alkahne  sulphide  process.  There  is  considerable  dis- 
pute as  to  the  origin  of  this  process,  some  holding  the  discovery  to  be 
of  recent  date,  while  others  contend  that  the  principle  upon  which 
it  is  based  has  not  long  been  known  but  has  been  in  successful 
operation  for  many  years.  Mr.  Robert  M.  Thompson,  in  an  account 
of  the  discovery  of  this  process,  as  far  as  the  Orford  Copper  Com- 
pany is  concerned,  says  that  it  was  the  result  of  an  accident  follow- 
ing a  long  series  of  unsatisfactory  experiments  to  discover  some  pro- 
cess which  would  successfully  and  economically  treat  certain  mattes 
which  had  been  sold  to  the  United  States  Government  by  the  Canadian 
Copper  Company.  In  visiting  the  works  one  day  he  noticed  some 
pots  of  matte  which  were  cooling  in  front  of  the  furnace,  and  which 
presented  a  somewhat  unusual  appearance.  On  calling  attention  to 
this  fact,  and  failing  to  get  satisfactory  explanations  from  either  tho 
superintendent  or  foreman,  he  proceeded  to  investigate,  the  result 
Being  the  discovery  of  the  governing  principle  which  effected  the 
separation  and  caused  the  yellow  'bottoms'  and  black  'tops.'  After 
a  long  series  of  experiments,  on  a  large  scale,  the  process  at  present 
in  operation  was  gradually  worked  out.    Mr.  J.  W.  Bain,  (l)  in  his 

(l)  Ann.  Rep.  Bur.  of  Mines.  Ont.,  p.  220. 
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'  Sketch  of  the  Nickel  Industry,'  draws  attention  to  the  fact  that  in 
certain  descriptions  accompanying  applications  for  English  patents, 
dating  as  far  back  as  September  5th,  1839,  undoubted  reference  is 
made  to  this  principal.  Moreover,  in  a  letter  published  in  the  En- 
gineering and  Mining  Journal,  in  August,  1893,  an  ex-employee  of  the 
Vivian  Company,  at  Swansea,  states  that  the  method  had  been  em- 
ployed for  a  number  of  years  at  that  company's  works.  At  any  rate 
the  application  of  the  alkaline  sulphide  process  as  a  definite  scheme 
for  the  separation  of  nickel  and  copper  was  in  a  fair  way  of  being 
lost  to  metallurgy,  or,  at  least,  to  be  employed  in  a  very  restricted 
manner,  if  the  Orford  people  had  not,  so  to  speak,  re-discovered  the 
principle  upon  which  it  is  based.  Great  credit  is  also  due  to  this 
company  for  the  thorough  manner  in  which  they  have  worked  out 
the  details,  and  made  it  a  distinct  economic  success. 

In  the  Orford  nickel  process,  the  concentrated  or  bessemer  matte 
is  smelted  in  n  small  blast  furnace,  with  salt  cake  or  crude  sodium 
sulphate,  a  chemical  which  can  be  obtained  readily  and  cheaply.  The 
sodium  sulphate  is  reduced  to  sulphide,  which  forms,  with  the  cop- 
per and  iron  sulphides,  a  very  fluid  matte,  of  lower  specific  gravity 
than  the  nickel  sulphide.  On  cooling,  '  tops  '  and  4  bottoms '  are  easily 
separated;  in  the  'tops'  being  the  bulk  of  the  iron  and  copper  as 
sulphides,  together  with  sodium  sulphide ;  while  the  '  bottoms '  contain 
most  of  the  nickel,  with  small  quantities  of  iron  and  copper.  On 
exposure  to  the  weather  the  soda  in  the  tops  is  gradually  converted 
into  the  caustic  condition.  These  tops  are  now  mixed  with  fresh 
matte  and  re-smelted,  whereby  the  caustic  soda  is  converted  into  sul- 
phide of  soda  at  the  expense  of  the  nickel  in  the  bottom,  producing 
again  a  fluid  mixture  of  iron,  copper  and  sodium  sulphides,  while  the 
nickel,  in  a  semi-metallic  state,  sinks  to  the  bottom  once  more.  By 
properly  balancing  these  operations  a  pure  sulphide  of  nickel  is  at 
last  obtained,  which  is  simply  calcined  with  a  little  sodium  nitrate  to 
the  nickel  oxide  of  commerce.  The  oxide  is  either  mixed  with  flour, 
molasses,  etc.,  and  pressed  into  cubes,  or  with  charcoal  and  reduced 
to  metallic  nickel  in  cube  or  powdered  form.  This  product  is  not 
strictly  a  homogeneous  metal,  but  a  loose  sponge  of  metallic  particles, 
which  retains  all  the  impurities  contained  in  the  oxide,  with  the  addi- 
tion of  from  0*5  to  2  per  cent  of  carbon.  To  produce  the  solid  metal 
the  oxide  is  melted  direct  with  charcoal  and  a  small  quantity  of  flux, 
and  cast  into  ingots. 

On  the  following  page  a  diagrammatic  scheme  that  accompanied  a 
paper  by  Titus  rikc(')  is  reproduced,  which  illustrates  fully  and 
briefly  the  various  operations  necessary  in  the  Orford  process. 
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The  Hond  or  carbon-monoxide  process  (2)  is  based  on  the  fact, 
that  if  finely  divided  nickel  is  exposed  to  a  current  of  carbonic  oxide, 
at  a  temperature  below  150°  C,  a  nickel  carbonyl  is  formed,  with  the 
formula  Ni  (Co)4,  which  is  volatile  at  a  temperature  above  43°  C, 
and  which  is  decomposed  at  a  temparature  of  180°  C.  into  metallic 
nickel  and  carbonic  oxide.  Iron  forms  a  similar  carbonyl,  but  no 
other  metal  has  been  found  to  do  so.  In  the  process  there  were 
many  technical  difficulties  to  overcome,  and  it  was  not  until  18 9 S 
that  it  was  brought  to  that  stage  of  development  that  demonstrated 
its  practical  importance. 

The  bessemerized  Victoria  Mines  matte  is  first  dead  roasted,  and 
for  this  purpose  any  suitable  furnace  may  be  employed.  After  roast- 
ing the  matte  averages  about  35  per  cent  of  nickel,  43  per  cent  of 
copper  and  about  2  per  cent  of  iron.  It  is  then  treated  with  dilute 
sulphuric  acid  for  the  extraction  of  part  of  the  copper,  (about  66 
per  cent),  and  not  above  2  per  cent  of  the  nickel.  This  copper  is  sold 
as  crystallized  sulphate  of  copper.  The  residue,  after  drying  from 
this  operation,  assays  from  45  to  60  per  cent  of  nickel,  (averaging 
about  51  per  cent),  and  21  per  cent  of  copper.  The  third  operation 
has  for  its  object  the  reduction  of  the  nickel  and,  incidentally,  the 
remaining  copper,  to  the  metallic  state,  without  including  the  iron. 
For  this  purpose  it  is  treated  in  a  tower  7 -5m.  high,  and  containing 
fourteen  hollow  shelves,  which  are  heated  with  water  gas  to  not  more 
than  300°  C,  and  preferably  250°,  when  much  iron  is  present.  The  ore 
is  moved  from  shelf  to  shelf  by  means  of  rakes  operated  by  a  verti- 
cal axle.  The  lowest  shelves  are  cooled.  The  reduced  charge  is 
transferred  to  another  similar  tower,  where  volatilization  takes  place, 
in  which  part  of  the  nickel  is  taken  away  by  carbon  monoxide  and 
forms  the  compound  nickel  carbonyl,  but  the  temperature  must  not 
exceed  100°  C.  The  remainder  from  this  volatilizer  is  returned  to 
the  reducing  tower,  and  the  charge  continues  to  circulate  between 
the  two  towers  for  a  period  of  between  seven  and  fifteen  days,  until 
about  60  per  cent  of  the  nickel  has  been  removed  as  nickel  carbonyl. 
The  nickel  carbonyl  passes  to  the  decomposer,  either  a  tower  or  a  hori- 
zontal retort,  which  is  heated  to  a  temperature  of  180°  C,  so  as  to 
decompose  this  compound,  and  release  the  nickel  in  a  metallic  state, 
preferably  on  granules  of  ordinary  commercial  metal.  The  carbon 
monoxide  is  also  released,  and  is  returned  to  the  volatilizing  tower. 


•  Eng.  and  Mln.  Jour.,  Vol.  LXIV..  July  1897,  pp.  8-9. 

t  Roberts-Aus-ten  'Nickel  Extraction  by  the  Mond  Process.1  a  paper 
read  before  the  Institution  of  Civil  Engineers.  London.  Eng.,  on  the  8th 
November,  1898.  Also  Ann.  Rep.  Bur.  of  Mines,  Ont..  Vol.  VIII.,  1899,  pp. 
106-120. 
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to  obtain  a  fresh  charge  of  nickel.  It  has  been  stated  that  Dr. 
Mond's  process,  although  ingeniously  and  thoroughly  worked  out,  has 
developed  certain  weaknesses,  such  as  imperfect  extraction  of  nickel, 
and  the  necessity  of  repeating  certain  of  the  operations  several  times 
beiore  satisfactory  results  are  achieved  and  the  larger  proportion  of 
the  nickel  obtained.  The  danger  of  explosion  and  poison  from  the 
carbon  monoxide  gas  have  all,  seemingly,  combined  to  delay  the  suc- 
cessful operation  of  this  process  on  a  large  scale  for  any  protracted 
period. 

THE  HOEPFNER  ELECTROLYTIC  PROCESS. 

In  this  process,  a  chloride  solution  is  obtained  which  has  been 
freed  from  other  metals,  either  chemically  or  electrolytically.  The 
solution  is  neutralized  and  then  acidulated  with  some  weak  oxygen 
acid,  such  as  citric  or  phosphoric  acid,  and  the  electrolysis  effected 
with  insoluble  anodes.  The  anodes  are  immersed  in  a  chlorite  solu- 
tion of  some  more  electro-positive  metal  than  nickel.  The  cathodes 
are  rotating  or  vibrating  metal  plates.  The  chlorine  evolved  is 
collected. 

THE  FRASCH  ELECTROLYTIC  PROCESS. 

This  process  depends  on  the  reaction  in  the  electrolytic  decompo- 
sition of  common  salt.  At  the  anode  chlorine  is  evolved,  at  the 
cathode  sodium  hydrate  is  formed  by  a  secondary  reaction.  When 
applied  to  copper-nickel  matte  the  anode  consists  of  a  layer  of  car- 
bonaceous material.  This  is  covered  with  a  layer  of  matte,  and  the 
matte  with  a  layer  of  sand,  which  serves  as  a  diaphragm  between  the 
anode  and  cathode  sections.  The  chlorine  evolved  dissolves  the  metals 
of  the  matte,  forming  chlorides.  The  solution  is  treated  for  th-1 
contained  metals  by  electrolysis  or  chemically.  From  the  solution  of 
sodium  hydrate  at  the  cathode  caustic  soda  is  obtained. 

urowne's  electrolytic  process. 

In  this  process  (!)  the  copper  is  first  deposited  from  a  solution  of 
the  mixed  chlorides,  using  cathodes  of  pure  copper  and  soluble 
anodes  of  copper-nickel  alloy.  The  original  percentage  of  metal 
chloride  in  the  electrolyte  is  maintained  partly  by  the  solution  of  the 
anode,  and  partly  by  passing  the  electrolyte  through  a  tower  filled 
with  bessemer  matte  or  alloy  to  be  treated  in  contact  with  the  chlo- 
rine gas  evolved  at  the  anode  by  the  nickel  precipitation. 


(1)  Min.  Industry,  Vol.  X..  l?ni,  p.  497. 
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When  the  electrolyte  is  rich  in  nickel  and  nearly  all  the  copper  is 
deposited  the  remaining  copper  is  precipitated  with  hydrogen  sul- 
phide or  a  similar  re-agent,  and  the  iron  with  ammonia.  The  nickel 
chloride  solution  is  then  electrolyzed,  using  cathodes  of  pure  nickel 
and  anodes  of  carbon,  in  water-sealed  compartments,  from  which  the 
chlorine  is  conducted  to  the  regenerating  tower. 

ulkI's  electrolytic  process. 
• 

In  this  process  (2)  a  sulphate  solution  of  the  metals  is  used,  in- 
stead of  a  chloride  solution,  as  in  the  three  processes  described  above- 

'  With  the  Ulke  process  it  is  most  advantageous  to  use  a  material 
consisting  of  not  over  20  per  cent  of  nickel,  and  not  less  than  80  per 
cent  of  copper,  which  is  cast  into  anode  plates.    The  electrolyte  con- 
sists of  a  solution  of  copper  and  niekel  sulphate,  and  contains  an 
excess  of  free-sulphuric  acid,  auid  the  cathodes  are  of  pure  sheet 
copper.    The  electrolyte  is  heated  and  kept  in  circulation,  and  from 
time  to  time  portions  of  it  are  withdrawn  from  the  electrolytic  vats 
to  be  re-standardized.   The  electrolyte  withdrawn  is  replaced  with  an 
equal  volume  of  copper  sulphate  solution,  containing  an  excess  of 
free  acid  to  re-standardize  the  electrolyte.    A  portion  of  this  copper 
sulphate  is  obtained  as  a  by-product  in  the  extraction  of  the  nickel, 
as  is  outlined  later  in  the  description.    The  copper  is  precipitated 
(from  withdrawn  electrolyte)  with  hydrogen  sulphide,  and  after  filter- 
ing the  copper  sulphide  precipitate  is  treated  with  sulphuric  acid 
and  heat  to  recover  the  hydrogen  sulphide  and  make  the  by-product 
copper  sulphate.    The  nickel  sulphate  is  made  anunoniacal,  and  used 
hot  as  an  electrolyte  for  the  precipitation  of  nickel,  using  anodes  of 
lead  and  cathodes  of  sheet  nickel.    To  avoid  impoverishment  of  this 
electrolyte,  portions  of  it  are  periodically  withdrawn,  the  ammonia 
recovered  for  re-use  and  the  nickel  sulphate  added  to  the  electrolyte  as 
needed  to  preserve  the  proper  strength.  The  process  is  economical  and 
produces  nickel  of  high  quality  continuously  and  cheaply.' 

Another  process  for  the  electrolytic  winning  of  nickel  which  is 
i:.  successful  operation  is  the  Balbach  process,  as  carried  on  at  the 
Balbach  works,  X.J.    This  process,  however,  is  kept  strictly  secret. 

NICKEL. 

Nickel  is  a  comparatively  new  metal,  as  far  as  our  western  civili- 
zation is  concerned,  for  it  was  discovered  in  1751  by  the  Swedish 
metallurgist  Cronstedt.    It  was,  however,  not  until  1754  that  Cron- 


(2)  Mln.  Industry.  Vol.  X..  1901,  pp.  497-498. 


Digitized  by  Google 


222  GEOLOGICAL  SURVEY  OF  CANADA 

gtedt  definitely  determined  that  it  was  a  new  element.  Its  name  was 
given  on  account  of  its  being  a  constituent  of  niccolite  or  '  kupfer- 
nickel,'  ae  it  was  then  called.  Cronstedt's  discovery  was  made  in 
examining  the  ore  obtained  from  the  mines  of  Helsingland.  In  1776, 
Engatrom  analyzed  the  material  which  had  found  its  way  to  Europe 
from  China  under  the  name  of  '  Pachfong/  finding  it  an  alloy  made 
up  of  variable  quantities  of  copper,  nickel  and  zinc,  but  usually  pre- 
sent in  the  proportion  of  40  per  cent  of  copper,  15  per  cent  of  nickel 
and  45  per  cent  of  zinc.  This  alloy  had  been  in  use  in  China  for 
thousands  of  years.  Previous  to  this  again,  as  noticed  by  Dr.  Austen 
in  his  '  Historical  Sketch  of  Nickel,'  the  Bactrian  King  Eutheydemos, 
who  reigned  about  235  B.C.,  employed  an  alloy  of  nickel  for  coinage 
purposes,  containing  77-58  per  cent  of  copper,  20  04  per  cent  of 
nickel  and  1-72  per  cent  of  other  impurities,  such  as  iron,  cobalt,  tin, 
silver  and  sulphur.  It  is  worthy  of  remark  that  so  long  after  this 
the  alloy  at  present  in  use  for  the  manufacture  of  coins  is  very  simi- 
lar in  composition,  containing  about  75  per  cent  of  copper  and  25 
per  cent  of  nickel,  which  experience  has  taught  us  is  the  best  pro- 
portion for  such  a  purpose. 

Nickel,  in  its  pure  state,  is  silver-white  in  colour,  hard,  tough, 
fusible  with  difficulty,  and  is  susceptible  to  magnetism,  although  not 
to  the  same  extent  as  iron.  It  has  the  peculiar  property  of  losing 
*tMs  magnetism  when,  heated,  and  retraining  it  when  cooled,  this 
peculiarity  being  taken  advantage  of  in  the  manufacture  of  certain 
alloys  for  electrical  purposes.  Nickel  has  a  specific  gravity  of  8-5 
to  8-9. 

The  purity  of  the  nickel  which  has  been  on  the  market  has  steadily 
increased  since  its  first  manufacture.  This  will  be  evident  from  the 
subjoined  table  of  analyses  of  the  commercial  product.  The  three 
first  analyses  are  quoted  from  the  Mineral  Industry  and  were  made 
in  1891.    All  the  others  were  made  in  1898  and  1899. 
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USES. 

The  first  and  chief  demand  for  this  metal  was  for  making  nickel 
or  German  silver,  as  a  substitute  for  the  more  precious  metal,  in  the 
manufacture  of  spoons,  forks  and  other  ware  in  general  use  for  which 
silver  had  been  previously  used.  Its  whiteness,  and  the  facility  with 
which  it  received  and  held  the  silver,  after  the  process  of  electro- 
plating was  introduced,  has  caused  it  to  be  still  more  widely  used. 
This  use,  however,  has  been  replaced  in  a  large  degree  by  plating 
iron  with  nickel,  which  gives  a  very  similar  effect  to  German 
silver. 

Nickel  is  also  used  very  extensively  for  coinage  purposes,  both  in 
Europe  and  America,  these  coins  generally  consisting  of  an  alloy 
of  from  75  to  88  per  cent  of  copper  and  12  to  25  per  cent  of  nickeL 
Recently  both  Austria  and  Switzerland  have  authorized  the  use  of 
pure  nickel  in  coins. 

Pure  nickel  is  now  used  in  making  small  articles  which  formerly 
were  only  electroplated  with  nickel.  An  alloy,  with  20  per  cent  of 
nickel  and  80  per  cent  of  copper,  is  used  for  casing  bullets.  This 
alloy  has  a  higher  degree  of  tenacity  than  the  best  brass,  and  a  high 
co-efficient  of  elongation. 

Owing  to  the  intense  colouring  properties  of  nickel,  (it  is  greater 
than  that  of  any  other  metal  except  tin),  these  alloys  have  almost 
the  same  colour  as  the  pure  nickel. 

In  far  more  general  use  are  the  nickel-copper-zinc  alloys.  These 
were  first  introduced  into  Europe  from  China,  in  the  eighteenth  cen- 
tury, under  the  name  of  Packfong  or  China  silver,  and  it  was  only 
later  that  it  was  discovered  that  they  consisted  of  nickel,  copper  and 
zinc.  As  European  firms  began  to  use  these  alloys  for  manufac- 
turing purposes  they  gave  them  various  names,  such  as  german 
silver,  argentan,  etc. 

The  following  are  analyses,  from  Ledebur's  '  Technologic,'  of  some 
of  these  alloys: 


Copper. 

Zinc 

Nickel. 

Iron. 

English 

63  34 

17  01 

19  13 

0  52 

Vienna 

55  60 

22  20 

22  20 

French 

50  00 

31  25 

18  75 



H 

59  10 

30  20 

9  70 

1  00 

" 

69  90 

5  60 

19  80 

4  70 
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The  chief  uses  of  these  alloys  are  for  forks,  spoons,  etc.,  and 
various  household  goods  to  bo  silver-plated,  and  for  many  scientific 
instruments  where  brass  was  formerly  used. 

A  little  magnesium  added  to  nickel  when  in  a  molten  state  in- 
creases its  malleability,  and  this  property  has  been  utilized  in  the 
manufacture  of  nickel  into  sheets,  and  also  in  making  sheets  com- 
posed of  an  iron  plate,  with  a  nickel  plate  welded  upon  each  side  of 
the  iron;  the  mass  then  becoming  capable  of  being  rolled  into  any 
desired  thickness.  This  rolled  nickel  plate  is  an  advance  over  the 
ordinary  tin  plate  for  culinary  and  other  utensils. 

Nickel-plated  zinc  or  '  nickeloid,'  as  it  is  ealled,  is  being  used  to  a 
considerable  extent  in  the  manufacture  of  reflectors,  refrigerator 
linings,  baths,  etc. 

The  most  important  and  extended  use  of  nickel,  however,  is  in  the 
manufacture  of  nickel  steel,  and,  at  present,  we  must  look  to  its 
more  general  employment  in  this  direction,  as  replacing  carbon  and 
manganese  steel,  for  the  development  of  the  nickel  industry.  The 
peculiar  and  desirable  behaviour  of  nickel  in  alloy  with  other  metals, 
and  especially  with  iron  and  steel,  has  often  been  remarked,  the 
material  partaking  moro  of  a  chemical  combination  than  an  ordinarily 
intimate  mixtuie.  All  these  alloys  are  remarkably  homogeneous, 
and  susceptible  of  a  high  polish,  though  rather  difficult  of  manipula- 
tion. In  obtaining  a  correct  idea  of  the  usefulness  or  value  of  alloys 
of  nickel  with  iron  and  steel  it  should  be  borno  in  mind  that  these 
mixtures  contain  manganese,  carbon,  silicon,  sulphur  and  phos- 
phorus, whose  influence  may  be  carefully  watched,  requiring  a  long 
series  of  experiments.  A  comparison  of  steel  alloyed  with  4-7  per 
cent  of  nickel  raised  the  elastic  limit  from  sixteen  up  to  twenty-eight 
tons,  and  the  breaking  strain  from  thirty  up  to  forty  tons,  without  im- 
pairing the  elongation  or  contraction  of  area  to  any  appreciable  extent. 
A  further  gradual  increase  of  hardness  is  noticed  until  20  per  cent 
is  reached,  when  a  change  takes  place,  and  successive  additions  of 
nickel  tend  to  make  the  steel  softer  and  more  ductile.  The  alloys  polish 
well,  and  the  colour  of  the  steel  is  lightened  as  the  proportion  of 
nickel  is  increased.  They  do  not  corrode  as  readily  as  other  steel.  The 
one  per  cent  nickel  steel  welds  fairly  well,  but  this  property  lessens  with 
each  addition  of  nickel.  It  may,  therefore,  be  said  that  considerable 
advantage  can  be  expected  from  these  alloys,  especially  where  the 
amount  of  nickel  present  is  less  than  5  per  cent.  Nickel  steel  is  now 
being  used  for  a  variety  of  purposes,  among  which  may  be  mentioned 
rails  for  railways.  These  have  been  tried  for  a  number  of  years  at 
Cumberland  Gap  in  the  United  States,  and  have  given  very  great 
•satisfaction.    The  first  cost  is  considerably  higher,  but  they  can  be 
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made  much  lighter,  and  will  outlast  three  ordinary  steel  rails.  Its 
most  important  use,  however,  is  for  armour  plates  and  heavy  ordnance. 
For  machine  parts,  subjected  to  alternate  stress  and  shock,  and  where 
increase  of  strength  and  decrease  of  weight  are  desired,  it  is  un- 
rivalled. On  account  of  this  marked  quality  it  has  been  used  for 
engine  and  propeller  shafts,  and  has  proved  so  superior  to  all  other 
steel  for  this  purpose  that  it  has  no  rival  of  importance.  Owing  to 
its  resistance  to  '  fatigue '  from  persistent  vibration  and  concussion  it 
is  particularly  valuable  for  steam  hammer  piston  rods,  rock  drill 
piston  rods,  railway  axles  or  tank  pins;  also  for  light  forged  engine 
frames,  bolts  for  extreme  hydraulic  pressure,  bicycles,  etc.  It  has 
also  been  recommended  for  the  manufacture  of  dies  and  shoes  in 
stamp  mills,  and  of  wire  rope.  Nickel  steel  wire  rope  would  be  less 
corrosive  and  have  more  tensile  strength  than  the  ordinary  steel 
wire  ropes  in  use  at  present. 

The  co-efficient  of  expansion  of  nickel  steel  with  30  per  cent  of 
nickel  is  only  0  00000087,  that  of  ordinary  materials  varying  from 
ten  to  twenty  times  this  figure.  This  low  co-efficient  of  expansion  will 
likely  be  of  great  value  for  many  purposes.  Alloys  with  42  to  46  per 
cent  of  nickel  have  the  same  co-efficients  of  expansion  as  the  various 
sorts  of  glass,  which  will  make  them  valuable  in  replacing  the*  more 
expensive  platinum  in  cases  where  metal  and  glass  have  to  be  welded 
together. 

Other  alloys  of  nickel  are  mentioned  in  4  The  Mineral  Industry,' 
Vol.  X.  They  are  nickel-alumiuium,  with  a  tensile  strength  of  40,000 
pounds  per  square  inch,  and  an  elastic  limit  of  35,000  pounds  per 
square  inch. 

Chrome  nickel,  containing  usually  73  per  cent  of  chromium,  23 
per  cent  of  nickel,  2-5  per  cent  of  iron,  1  per  cent  of  carbon  and 
0-5  per  cent  of  silicon,  is  used  for  making  steel  for  projectiles  and 
armour  plates,  which  is  said  to  be  better  than  Ilarveyized  steel 
armour  plates.  Tungsten-nickel  has  a  composition  similar  to  chrome- 
rtickcl,  tungsten  taking  the  place  of  chrome. 

Molybdenum-nickel  with  45  to  75  per  cent  of  molybdenum,  20 
to  50  per  cent  of  nickel,  2  to  2-5  per  cent  of  iron,  1  to  1-5  per  cent 
of  carbon  and  0-25  to  0-50  per  cent  of  sulphur,  is  largely  used  in  the 
manufacture  of  forgings,  guns,  wire,  boiler-plate  and  shells. 

The  era  of  nickel  steel  has  only  been  entered  upon,  for  it  was  not 
until  1888  that  this  desirable  alloy  was  made  on  any  scale  of  com- 
mercial importance.  Canada  has  the  largest  supply  of  the  most 
desirable  nickel  ores  in  the  world,  and  the  quality  of  the  metallic 
nickel,  as  shown  by  the  analyses  quoted,  is  of  a  very  high  degree  of 
purity.    It  is  beyond  the  scope  of  the  present  report  to  enter  upon 
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a  discussion  of  the  manifold  merits  of  nickel  steel,  and  the  numerous 
benefits  to  be  derived  from  its  use.  In  1899,  Messrs.  R.  A.  Had- 
field  C1)  and  David  H.  Browne  (2),  published  two  very  complete  con- 
tributions on  this  subject,  and  the  reader  may  have  reference  to  these 
for  more  detailed  information.  Lately,  Dr.  Waddell  has  been  em- 
ployed, under  the  auspices  of  the  International  Nickel  Company,  in 
making  an  elaborate  series  of  tests  and  experiments  with  nickel  steel, 
with  special  reference  to  its  more  extended  use  in  bridge  building. 
The  general  public,  and  more  particularly  that  numerous  section  of 
it  in  Canada  who  are  interested  in  the  extension  of  the  nickel  in- 
dustry, will  look  forward  with  pleasure  to  the  appearance  of  Dr. 
Waddeirs  conclusions,  which,  it  is  hoped,  will  not  be  withheld  on  the 
plea  that  the  information  is  of  a  confidential  nature. 

PRODUCTION  OF  NICKEL  AND  COPPER  FROM  THE  8UDBCRY  DI8TRIOT. 

It  is  difficult  to  obtain  the  exact  production  of  the  nickel  and 
copper  ores  of  #the  Sudbury  district  during  the  first  three  years  of 
mining,'  from  1886  to  1888,  inclusive.  Thus,  R.  R.  Maffett,  Superin- 
tendent of  the  Orford  Copper  Company,  at  New  Brighton,  L.I.,  N.Y., 
under  date  of  April  18,  1904,  answering  an  inquiry  addressed  to 
President  A.  P.  Turner,  of  the  Canadian  Copper  Company,  at  Copper 
Cliff,  Ont.,  states,  that  during  1886,  1,040  tons  of  ore,  carrying  7-2 
per  cent  of  copper  and  3  per  cent  of  nickel,  were  mined  at  Copper 
Cliff,  and  during  1887,  8,864  tons  carrying  8-56  per  cent  of  copper 
and  3-31  per  cent  of  nickel,  were  also  raised  from  the  same  mine. 
According  to  details  furnished  the  Geological  Survey  Department 
by  the  Customs  Department,  3,307  tons  of  copper  ore  were  shipped 
form  Sudbury  in  1886,  with  a  declared  customs  value  of  $16,404, 
and  in  1887,  567  tons  of  similar  ore  were  also  shipped,  with  a  declar- 
ed customs  value  of  $3,416.  A  careful  and  conservative  estimate  to 
arrive  at  the  total  production  would  place  the  amount  mined  during 
these  three  years  at  30,000  tons,  averaging  about  5  per  cent  of  cop- 
per and  3  per  cent  of  nickel,  this  ore  thus  containing,  approximately, 
900  tons  of  nickel  and  1,500  tons  of  copper.  Valuing  the  nickel  at  the 
average  price  for  tue  three  years,  at  62-12  cents  per  pound,  the  total 
ultimate  value  of  the  nickel  in  the  ore  would  amount  to  $1,118,160, 
while  the  copper,  at  the  average  price  of  twelve  cents  per  pound,  would 
amount  to  $360,000.  According  to  the  yearly  returns  furnished  the 
Geological  Survey  Department  and  the  Ontario  Bureau  of  Mines, 
the  total  ore  mined  in  the  district,  including  the  estimate  as  above 

(1)  Proc.  Inst.  Civil  Eng.,  London.  Vol.  czxx.,  pp.  1-167. 

(2)  Tran«.  Am.  Inst.  Min.  Eng.,  Vol.  xxlx.,  (Sept  ).  1899,  pp.  S6»-m 
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given  for  the  first  three  years,  has  amounted  to  2,093,427  tons.  The 
total  amount  of  nickel  in  matte,  sold  from  1889  to  1903,  both  years 
inclusive,  amounted  to  39,827  tons,  with  a  final  value  in  New  York, 
at  the  lowest  average  prevailing  price  in  the  year  in  which  it  was 
placed  upon  the  market,  amounting  to  $35,603,272,  while  the  copper 
present  in  the  matte,  in  the  same  period,  amounting  to  37,429  tons, 
valued  at  the  average  price  of  copper  in  the  year  sold,  realized 
$9,799,730.  If  we  include  the  three  first  years,  at  the  figures  already 
given,  we  obtain  a  total  amount  of  nickel  sold  of  40,727  tons,  with  a 
value  of  $36,721,432 ;  while  the  copper  amounted  to  38,929  tons,  with 
a  value  of  $10,159,739. 

This  nickel  and  copper  ore  also  contains  cobalt,  and  an  average  of 
a  large  number  of  assays  would  indicate  that  the  proportion  of 
nickel  to  cobalt  as  50  to  1  is  a  conservative  estimate.   If  all  of  this 
could  have  been  saved,  815  tons  of  cobalt  would  have  been  thus  pro- 
duced, and  this,  at  a  price  of  $3  per  pound,  would  haye  amounted  to 
$4,890,000.  In  addition,  these  ores  contain  appreciable  quantities  of  the 
precious  metals,  gold,  silver  and  metals  of  the  platinum  group.  The 
platinum  metals  average  about  1-25  ounces,  the  gold  0-375  of  an  ounce, 
while  the  silver  has  been  calculated  on  the  assumption  that  7-5  oz.  are 
present  to  the  ton  of  nickel,  which  is  certainly  below  the  average.  On 
this  assumption,  the  value  of  the  precious  metals,  at  the  average  of  the 
ruling  New  York  price  in  the  years  produced,  would  be  as  follows: 
Gold,  $305,460;   Silver,  $195,286;   Platinum,  $805,429;   Total,  $1,- 
306,175.   The  total  ultimate  value  in  New  York  of  the  various  metals 
contained  in  these  ores,  would,  therefore,  be  as  follows: 


Of  the  total  production  of  ore,  about  four-fifths  must  be  credited 
to  the  Canadian  Copper  Company.  This  company  does  not  wish,  at 
present,  to  give  the  production  of  each  individual  mine,  but  through 
the  courtesy  of  President  A.  P.  Turner  of  the  Canadian  Copper  Com- 
pany, I  am  authorized  to  state  that  the  three  largest  of  their  mines 


Nickel. 

Cobalt. 

Copper, 

Gold.. 

Silver. 


$36,721,432 


4,890,000 
9,799,739 
305,460 
195,286 
805,429 


Platinum 


Total 


$52,717,346 
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have  produced  the  following  amounts  of  ore,  up  to  the  first  of  June, 
1904. 


Some  of  the  other  mines  have  also  produced  large  quantities  of 
ore,  as  the  Evans  mine,  No.  2  and  No.  3  (Frood)  mines,  all 
three  of  which  have  produced  between  100,000  and  200,000  tons  of 
ore.  The  Creighton  mine  is,  without  doubt,  the  largest  mine  in  the 
district,  and  is  regarded  as  capable  of  producing  many  millions  of 
tons  of  high  grade  ore.  The  ore  at  present  being  mined  averages 
about  5  per  cent  of  nickel  and  2  per  cent  of  copper.  During  the 
month  of  May  last  (1904)  19,000  tons  of  ore  were  mined,  and,  in 
June,  it  was  expected  that  22,000  tons  would  be  secured.  It  is  pro- 
posed in  the  near  future  to  erect  another  rock  house  farther  west  on 
this  same  deposit,  when  the  output  will  be  nearly  doubled.  The  old 
Blezard  mine,  belonging  to  the  Dominion  Mineral  Company,  probably 
produced  about  100,000  tons  of  ore,  while  25,000  tons  seems  a  reason- 
able estimate  for  that  produced  by  the  Worthington  mine.  The  Vic- 
toria mine,  belonging  to  the  Mond  Nickel  Company,  has  produced 
about  80,000  tons  of  ore,  while  the  same  company,  up  to  the  1st  of 
June,  1904,  had  obtained  about  13,000  tons  from  the  North  Star 
mine.  At  the  Murray  mine,  62,193  tons  were  produced,  while  the 
Lake  Superior  Power  Company  obtained  33,835  tons  from  the  Elsie 
mine,  and  18,000  tons  from  the  Gertrude  mine,  up  to  the  end  of  1903. 

The  following  tables  are  reproduced  from  the  annual  reports  of 
the  Division  of  Mineral  Statistics  and  Mines  of  the  Geological  Sur- 
vey Department,  and  of  the  Bureau  of  Mines,  of  Ontario.  Both  have 
been  prepared  by  Mr.  J.  McLeish,  who  has  charge,  under  Mr.  E.  D. 
Ingall,  of  this  branch  of  the  work.  They  will  show,  in  a  diagram- 
matic manner,  the  details  of  the  mining  operations  carried  on  in 
the  district  from  1889  to  1903,  both  years  inclusive. 


Stobie  mine. .  . . 
Copper  Cliff  mine 
Creighton  mine. . 


419,000  tons. 
366,000  " 
310,000  " 
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THE  WORLD'S  PRODUCTION  OP"  NICKEL. 

From  1844.)  to  1860  the  annual  production  of  nickel  scarcely 
averaged  100  metric  tons  per  annum,  and  in  no  single  year  was  a 
production  of  200  metric  ton3  exceeded.  From  1860  to  1880,  a  very 
gradual,  though  distinct,  increase  was  noticeable,  up  to  600  metric 
tons,  although  about  the  year  1874  a  little  over  700  metric  tons 
were  produced.  In  1880,  the  .product  of  the  New  Caledonia  mines 
became  a  distinct  factor  on  the  market,  at  first  with  a  production  of 
about  200  metric  tons  per  annum,  but  gradually  increasing  until  the 
year  1884,  when  the  production  was  about  1,000  tons.  In  the  year 
1889,  the  product  of  the  Sudbury  mines  was  placed  upon  the  market, 
but  only  432  tons  were  sold.  In  the  year  1S91.  however,  2,018  ton9 
U»830  metric  tons)  of  nickel  were  sold,  which  had  been  produced 
from  the  Sudbury  ores,  while,  at  the  same  time,  the  product  of  the 
New  Caledonia  mines,  which  had  reached  the  figure  of  2,494  metric 
tons,  dropped  to  1,696  metric  tons  in  1892.  In  1893  the  world's  total 
production  of  nick°l  amounted  to  4,412  metric  tons,  the  amount  of 
the  Canadian  product  placed  on  the  market  aggregating  1307  metric 
tons;  while  Norway,  in  the  same  year,  produced  about  90  metric 
tons,  and  the  United  States  22-4  metric  tons. 

These  figures  showed  a  still  further  and  rather  rapid  increase  up 
to  the  year  1901,  when  a  total  of  9,381  metric  tons  was  produced, 
the  Canadian  nickel  amounting  to  4,168  metric  tons,  and  the  New 
Caledonia  to  5,210  metric  tons,  while  the  United  States  produced 
only  three  tons  of  nickel  from  domestic  ores. 

In  1902  the  total  of  the  world's  production  amounted  to  8,473 
metric  tons,  but  of  this  Canada's  share  was  4,850  tons,  while  the 
New  Caledonia  output  showed  a  decrease  of  3,620  tons. 

In  1903  the  amount  of  Canadian  nickel  produced  amounted  to 
6,348  metric  tons,  while  New  Caledonia  produced  only  4,750  metric 
tons. 

The  world's  total  production  of  nickel  for  1903,  as  stated  by  the 
Metallgesellschaft,  amounted  to  9,850  metric  tons.  It  is  evident, 
however,  that  this  is  understated  and  that  the  actual  production  is 
considerably  in  excess  of  this  amount,  for  the  official  returns  for 
Canada  and  the  United  States,  as  reported  to  the  Geological  Survey 
and  the  Bureau  of  Mines  of  Ontario,  give  the  production  as  6,400 
metric  tons,  instead  of  5,100  metric  tons,  as  stated  by  this  authority. 
Assuming  the  official  figures  as  more  nearly  accurate,  and  adding  the 
production  from  New  Caledonia  as  quoted  by  the  Metallgesellschaft, 
(4,750  metric  tons),  a  grand  total  of  11,150  metric  tons  is  obtained 
as  the  aggregate  of  the  world's  production  for  1903. 
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These  figures  are  full  of  hope  for  Canada,  and  with  the  gradually 
increasing  knowledge  of  the  true  value  and  uses  of  nickel,  by  reason 
of  its  many  desirable  physical  qualities,  which  is  gradually  becoming 
more  general,  the  production  of  nickel  should  be  doubled  in  the  next 
five  years.  It  w  hoped  and  confidently  expected  that  Canada's  share 
in  this  large  output  will  be  fully  three-fourths  of  the  whole. 

The  following  table  will  show,  at  a  glance,  and  in  much  greater 
detail,  the  world's  annual  production  of  nickel  from  1889  to  1902. 
The  figures  for  the  foreign  production  for  1903  are  not  yet  available. 

These  statistics  are  obtained  mainly  from  the  Metal lgesellscha ft 
and  Metallurgische  Gesellschaft  (Frankfort-on-the-Main),  Aug.,  1903, 
p.  23. 

The  production  of  nickel  from  domestic  ores  in  the  United  States 
is  quoted  from  Mineral  Resources  of  the  United  States,  while  that  of 
Canada  is  from  the  Division  of  Mineral  Statistics  and  Mines,  Geo- 
logical Survey  of  Canada,  with  the  exception  of  1903,  which  is  from 
the  Bureau  of  Mines.  The  figures  of  Canadian  production  include 
nickel  actually  sold,  while  those  of  the  Bureau  of  Mines,  which  are 
stated  in  a  separate  table,  are  of  nickel  produced,  part  of  which 
remained  in  stock. 

The  figures  for  Germany  represent  the  production  of  Prussia. 
Saxony  also  produces  nickel,  but  accurate  details  are  not  readily 
available. 

THE  PRICE  OP  NICKEL. 

In  1876,  the  price  of  nickel  per  pound  amounted  to  $2.60.  In  1877 
it  dropped  to  $1.60  per  pound  and  in  1878  it  showed  a  still  further 
decline  to  $1.10  per  pound.  In  1879,  it  recovered  slightly  to  $1.12  per 
pound,  but  in  1880  it  again  decreased  to  $1.10,  which  latter  figure  was 
maintained  until  1383,  when  the  price  steadily  declined  to  about  sixty 
cents.  At  present  the  price  quoted  by  leading  producers  varies  from 
forty  to  forty-seven  cents  per  pound  for  large  quantities  down  to  ton 
lots,  according  to  size  and  terms  of  order.  The  price  for  smaller  lots, 
according  to  quantity,  runs  as  high  as  sixty  cents  per  pound  in  New 
York. 
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REPORT 

ON  THE 

LANDSLIDE  AT  NOTRE-DAME  DE  LA  SALETTE 

LIEVRE  RIVER,  QUEBEC 

BY 

R.  W.  ELLS 


This  landslide,  which  occurred  on  the  morning  of  Sunday, 
April  6,  1908,  was,  as  compared  in  area  with  several  others 
which  have  happened  in  the  province  of  Quebec,  of  somewhat 
small  dimensions,  but  as  regards  the  attendant  loss  of  life  is  the 
most  disastrous  on  record  in  eastern  Canada. 

The  locality  affected  is  the  eastern  portion  of  lots  1  and  2  of 
the  river  range  of  Portland  west,  about  six  miles  north  of  the 
Little  Rapid  lock  on  the  Lievre  river,  now  known  as  Poupore; 
near  which  place,  in  October,  1903,  another  somewhat  extensive 
slide  occurred :  which  was  described  and  mapped  in  the  Summary 
Report  of  that  year,  by  the  present  writer. 

The  Salette  slide  is  comparatively  narrow,  beginning  on  the  ' 
bank  of  the  stream,  at  the  mouth  of  a  small  creek  which  flows 
in  from  the  west  at  about  166  yards  south  of  the  end  of  the  road 
at  Chalifoux  landing.  The  south  end  of  the  affected  area  is  at, 
or  near  the  line  of  division  between  lot  1  of  range  VI,  and  lot  6 
of  range  V,  on  the  south — owned  by  Camille  Lapointe.  The 
break  occurred  between  his  house — which  was  engulfed  in  the 
slide — and  his  barns ;  the  latter  remaining  untouched.  The  length 
of  the  slide  between  these  points  along  the  bank  of  the  stream  is 
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about  twenty  chains,  or  say  1,350  feet.  The  line  of  the  break 
is  irregular,  extending  inland  at  the  widest  part  about  400  feet, 
as  nearly  as  can  be  now  estimated,  and  the  area  involved  in  the 
slide  is  apparently  not  far  from  six  acres.  The  height  of  the  clay 
bank  which  slipped  into  the  river  was  about  sixty  feet  above  the 
present  level  of  the  stream. 

The  Lievre  river  has  been  subject  to  land  slides  for  a  long 
period  of  time.  The  clay  deposits  line  the  stream  for  the  greater 
part  of  the  distance  from  Buckingham  village,  nearly  to  High 
falls — about  twenty-four  miles  inland ;  except  where  interrupted 
by  occasional  bluffs  of  granite,  gneiss  or  limestone  of  the  Laur- 
entian  formations. 

The  presence  of  ancient  slides  can  be  recognized  readily  by  the 
usually  hummocky  or  irregular  nature  of  the  surfaces  where  these 
have  taken  place,  but  in  many  cases  they  have  been  under  culti- 
vation for  years,  while  others  are  covered  with  a  growth  of 
timber.  These  clay  areas  are  bounded  at  a  short  distance,  on 
either  hand,  by  hills  of  the  old  rocks,  often  steep  on  the  sides 
facing  the  river  valley,  some  of  which  show  smooth  glaciated 
faces,  caused  by  the  passage  of  the  glacial  ice.  This  ice  evidently 
followed  the  course  of  the  old  river  channel,  which  must  have 
been  excavated  in  very  early  geological  times. 

Some  of  these  rocky  bluffs  border  on  the  river,  in  which  cases, 
the  portions  of  the  shore  opposite  are  occupied  by  clay  deposits. 
Where  these  deposits  have  been  undisturbed,  the  clay  is  usually 
homogeneous  in  character,  bluish  in  colour,  tough  and  plastic 
when  subjected  to  the  action  of  water;  occurring  in  heavy  beds, 
nearly  horizontal  in  position,  and  with  thin  layers  of  arenaceous 
silt,  which  separate  the  heavy  layers  or  strata.  When  saturated 
with  percolating  waters,  the  silty  layers  suddenly  pass  into  a 
semi-liquid  condition. 
*• 

In  places  where  former  slides  have  occurred,  the  clays  having 
been  broken  up,  are  mixed  with  silty  material  and  the  original 
surface  soil ;  and  large  sheets  of  the  clay  occur  with  steep  inclina- 
tions, some  in  the  direction  of  the  river. 
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In  these  recomposed  deposits,  the  remains  of  forest  trees — 
buried  at  the  period  of  the  original  slide,  can  occasionally  be  seen 
projecting  from  the  broken  down  face  of  a  more  recent  slide. 

The  last  of  the  previously  recorded  land  slides  on  this  river 
occurred  on  Sunday,  October  n,  1903,  a  short  distance  below 
the  lock  on  the  canal  at  Poupore  post  office — formerly  Little 
rapids.  This  was  described  in  the  Summary  Report  for  that  year. 
It  involved  an  area  of  about  ninety-five  acres,  extending  from  the 
foot  of  the  mountain  on  the  west  side  of  the  river,  nearly  half  a 
mile  inland,  at  this  place,  and  displaced  the  surface  to  a  depth 
of  about  twenty  feet,  to  the  bank  of  the  stream.  The  direction 
of  the  movement  was  clearly  northeast  from  the  base  of  the 
mountain,  but  the  overflow  of  the  clay  which  filled  the  channel 
for  about  three-fourths  of  a  mile  below  the  lock,  also  occupied  a 
considerable  area  on  the  east  bank  directly  south  of  the  lock. 
A  part  of  this  overflow  was  forced  northward,  and  filled  the  lock 
itself.  The  river  was  dammed  by  the  clay  to  such  an  extent 
that  the  back  water  on  the  stream  extended  to  within  a  short 
distance  of  the  High  falls.  The  slide  occurred  in  an  area  occupied 
by  previously  undisturbed  clays. 

This  slide  at  Poupore  was  evidently  caused  by  several  days' 
heavy  rains,  by  which  the  whole  of  the  broad  clay  flat  was  satu- 
rated, forming  a  very  heavy  overburden  upon  the  underlying 
body  of  clay  and  silt  partings.  At  the  junction  of  the  clays  with 
the  rock  of  the  mountain  at  the  back,  a  layer  of  small  broken 
rock  occurred,  and  the  rainwater  descending  the  slopes  of  the 
hill,  evidently  passed  downward  along  the  line  of  contact,  to  a 
layer  of  silt  at  a  depth  of  fifteen  to  twenty  feet  from  the  surface. 
This  layer  having  reached  the  point  of  saturation,  passed  into 
the  semi-liquid  condition,  and,  with  a  very  gradual  slope  to  the 
river,  the  pressure  of  the  overlying  mass  of  clay  finally  reached 
the  stage  when  the  equilibrium  of  the  clay  mass  was  overcome, 
and  the  upper  stratum  moved  forward  in  the  direction  of  least 
resistance :  which  was  the  bank  of  the  river.  The  amount  of  dis- 
placement measured  at  several  points  on  the  flat  itself,  seemed, 
as  could  be  seen  by  the  displaced  road  which  traversed  the  area, 
to  be  about  300  feet  as  a  maximum.  The  movement  was  not 
along  the  smooth  glaciated  surface  of  the  underlying  rocks,  but 
merely  along  the  silt  planes  in  the  clay  itself. 
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The  disaster  at  Salette,  or  Chalifoux  landing,  differs  somewhat 
in  character  from  that  which  occurred  in  1903  at  Poupore.  While 
the  original  cause  of  the  Salette  clay  slide  may  be  similar  to  that 
at  Poupore,  namely,  a  descent  from  the  hills  at  the  back,  or  to 
the  west  of  the  village,  in  the  recent  case,  the  crack  occurred  in 
the  surface  of  the  soil  at  about  200  to  300  feet  from  the  front  on 
the  river.  The  actual  cause  of  the  slide  appears  to  have  been  a 
fissure,  into  which  the  water  descended  until  it  reached  an  under- 
lying portion  or  stratum  of  blue  clay  which,  along  the  edge  of 
the  break,  had  an  exposed  dip  towards  the  river  of  18  to  20  de- 
grees— when  the  overlying  burden  of  clay,  silt  and  sand  overcame 
the  resistance  and  slipped  forward  into  the  river  bed.  The 
momentum  of  this  sliding  mass,  starting  from  an  elevation  of 
sixty  feet,  and  at  such  a  short  distance  from  the  front  of  the 
bluff,  must  have  been  very  considerable  and  the  movement  cor- 
respondingly rapid.  The  ice  in  the  river  was  apparently  un- 
broken at  the  time,  and  was  lifted  and  carried  forward  over  the 
east  bank  on  which  Salette  village  was  located,  at  an  elevation 
of  not  more  than  twelve  to  fifteen  feet  above  the  present  level 
of  the  river,  and  which  was  some  feet  above  the  ordinary  summer 
level.  The  rush  of  the  ice  came  with  such  force  against  the 
village  as  to  completely  demolish  the  greater  portion.  In  fact, 
everything  within  its  course  was  destroyed:  including  twelve 
houses  and  some  twenty-five  outbuildings,  which  were  entirely 
destroyed  to  their  very  foundations;  while  on  the  margin  of  the 
ice  movement  several  other  buildings  were  more  or  less  damaged. 
On  the  west  bank  where  the  slide  started,  three  houses  were 
entirely  destroyed,  together  with  several  outbuildings.  The  total 
loss  of  life  as  far  as  can  be  ascertained,  was  thirty-three  persons. 

The  rush  of  ice  was  followed  by  a  rush  of  water  from  the  river, 
which  carried  portions  of  the  ruined  buildings  and  the  bodies  of 
villagers  inland  beyond  the  road  which  is  parallel  to  the  shore; 
depositing  the  debris  at  an  elevation  of  about  fifty  feet  above 
the  river  level.  The  receding  wave  swept  backward  over  the 
village  site  with  sufficient  force  to  remove  the  greater  part  of 
the  ice  above,  as  well  as  the  greater  portion  of  the  debris  of  the 
village  itself;  though  scattered  ice-blocks  could  be  found  several 
days  after  the  disaster.  All  this  debris  was  swept  down  the  river, 
together  with  a  number  of  bodies,  which  had  probably  been 
entangled  in  the  ruins,  and  carried  away  in  the  same  movement : 
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proved  by  the  finding  of  several  corpses  as  far  down  as  Bucking- 
ham village.  Of  the  number  of  persons  who  lost  their  lives  in 
this  distressing  calamity,  not  more  than  half  could  be  accounted 
for.  Of  the  missing,  some  have  probably  been  buried  in  the 
roughly  piled  masses  of  clay  or  mud  along  the  river  bed,  with 
which  the  channel  was  choked;  while  others  have  been  swept 
down  stream,  and  may  be  engulfed  in  the  numerous  eddies  along 
the  river. 

The  great  loss  of  life  in  Salette  village  was,  without  doubt, 
caused  in  large  part  by  falling  timbers ;  the  bodies  in  many  cases 
being  badly  crushed  and  disfigured.  Had  the  ice  not  been 
present,  doubtless  the  rush  of  the  water  would  have  damaged 
and  possibly  destroyed  some  of  the  smaller  buildings  nearer  the 
water;  but  would  not  have  wrought  such  wholesale  destruction, 
and  probably  would  have  left  a  larger  amount  of  the  clay  upon  the 
east  bank,  much  of  which  must  have  been  kept  in  check  by  the 
overlying  ice-mass.  The  width  of  the  channel  at  this  place,  as 
measured  in  the  survey  of  the  district  some  years  ago,  is  between 
250  and  300  feet.  The  residents  in  the  houses  engulfed  on  the 
west  side  were  probably  caught  in  the  sliding  clays  and  silts. 
Several  persons  were  rescued  when  nearly  lifeless  from  smother- 
ing, and  exposure  to  the  icy  waters. 

The  unstable  nature  of  the  material  composing  the  bluff  which 
fell,  can  be  seen  in  the  close  admixture  of  blue  clay  and  sandy 
silts  in  the  beds  deposited.  On  the  second  day  after  the  disaster, 
portions  of  the  bank  were  still  falling  in  considerable  amount : 
the  upper  portion  breaking  off  in  masses  sufficient  to  move 
forward  over  the  debris  to  a  distance  of  100  to  150  feet,  until 
stopped  by  the  rough  surface  of  that  already  fallen.  At  the  time 
of  our  visit,  it  was  practically  impossible — owing  to  the  unstable 
condition  of  the  edge  of  the  break — to  approach  near  enough  to 
make  an  accurate  survey  of  the  locality. 

The  damage  on  the  east  side  opposite  Chalifoux  landing,  and 
thence  to  the  road  at  the  old  North  Star  landing,  was  apparently 
caused  by  the  water  backed  up  by  the  clay  dam,  by  which  the 
water  in  this  direction  rose  to  a  height  of  eight  to  ten  feet.  Several 
small  bridges  were  washed  away  on  the  little  creeks,  but  the 
damage  to  buildings  was  slight.  Above  the  old  landing,  appar- 
ently no  damage  was  inflicted. 
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As  much  interest  is  now  being  taken  in  the  phenomena  of  these 
landslips,  it  is  considered  advisable  to  refer  to  other  instances  of 
this  kind  which  have  occurred  in  the  province  of  Quebec  within 
comparatively  recent  times,  as  illustrating  the  conditions  by 
which  these  were  brought  about.  The  following  extracts  taken 
from  a  report  of  the  late  Dr.  Chalmers — of  the  Geological  Survey — 
on  these  occurrences  along  the  St.  Lawrence,  between  Three 
Rivers  and  Quebec,  are,  therefore,  added : — 

"Three  landslips  of  considerable  magnitude  have  been  known 
to  occur  in  this  part  of  the  St.  Lawrence  valley  within  the  last 
sixty  years,  and  evidences  of  others,  of  which  there  is  no  account, 
were  observed.  The  first  of  these  referred  to,  took  place  on  the 
bank  of  Maskinonge*  river,  about  nine  miles  to  the  south  of  the 
granite  hills,  on  April  4,  1840,  and  was  examined  and  described 
by  Sir  W.  E.  Logan.  The  area  affected  was  about  eighty-four 
acres,  and  the  chasm  is  described  as  oblong  in  shape,  with  a 
narrow  funnel-like  end  towards  the  river.  The  total  length  was 
about  1,300  yards,  while  the  breadth  varied,  the  widest  part 
equalling  600  yards.  When  examined  by  Sir  W.  E.  Logan,  the 
bottom  of  the  widest  part  of  the  pit  was  found  to  be  thirty  feet 
below  the  level  of  the  surrounding  country.  The  material  trans- 
ported into  the  valley  of  the  Maskinonge*  river  filled  it  to  a  depth 
of  seventy-five  feet  for  a  mile  and  a  half.  The  cause  of  this 
landslip,  Logan  believed  to  be  pressure  on  an  inclined  plane, 
assisted  by  water,  although  no  subjacent  rock-surface  was  seen. 

"The  St.  Albans  landslip  occurred  on  April  27,  1894,  on  the 
west  bank  of  the  Ste.  Anne  de  la  PeYade,  about  four  miles  above 
the  village  of  St.  Albans,  or  seven  miles  from  the  Riviere  Blanche 
landslip.  Here  the  deposits  (Leda  clay  and  Saxicava  sand)  slid 
down  bodily  into  the  valley  of  the  river  for  the  space  of  three 
miles  and  a  half.  The  landslip  seems  to  have  been  in  three  parts, 
the  first  movement  being  at  the  northern  end,  where  it  was  about 
ten  feet  deep.  This  was  followed,  after  some  hours,  by  another 
which  took  place  immediately  to  the  south  of  the  last ;  and  finally 
a  third  descended  just  below  the  second,  leaving  a  pit  175  feet 
deep.  The  average  depth  of  the  whole  chasm  was  not  less  than 
100  feet  below  the  general  surface  of  the  ground,  and  its  width 
about  a  mile.  The  mass  of  material  thrown  into  the  valley  of 
the  Ste.  Anne  permanently  changed  the  course  of  the  river. 

"The  Riviere  Blanche  landslip  was  closely  similar  to  that  of 
Maskinonge"  river  described  by  Logan.  As  stated  above,  it  took 
place  on  the  east  bank  of  the  Blanche,  a  tributary  of  Ste.  Anne 
de  la  PeYade,  at  St.  Thuribe,  about  three  miles  north  of  St. 
Casimer  village.  The  banks  of  the  latter  river  are  low  and  the 
country  flat,  forming  a  part  of  the  St.  Lawrence  plain,  as  far  up 
as  St.  Thuribe,  where  the  valley  is  crossed  by  a  boulder  clay 
ridge.  The  superficial  formations  consist  of  Saxicava  sand  and 
Leda  clay,  and  boulder  clay.    In  the  pit  where  the  landslip 
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occurred,  the  Leda  clay  is  prolific  in  marine  shells,  chiefly  Leda 
arctica  and  M  acorn  a  greenlandica. 

"The  chasm  remaining  from  this  landslip  is  also  irregularly 
oblong  in  shape,  like  that  of  the  Maskinonge"  valley  described  by 
Logan,  with  a  narrow  opening  at  the  end  towards  the  Riviere 
Blanche.  At  this  point  the  breaking  down  of  the  beds  began, 
and  through  this  opening  the  whole  of  the  flowing  material  was 
discharged.  The  length  of  the  pit,  east  and  west,  is  about  1,050 
yards,  extreme  width  600  yards,  maximum  depth  about  twenty- 
eight  feet ;  total  area,  eighty-six  acres.  The  descent  of  the  bottom 
throughout  its  whole  length  is  approximately  twenty-seven  feet 
or  about  ten  inches  to  the  hundred  feet,  and  the  gradient  is  com- 
paratively uniform  from  the  eastern  end  to  the  present  bottom 
of  the  river. 

"The  movement  of  clay  and  sand  on  such  a  low  gradient,  it 
is  obvious,  could  only  have  taken  place  when  these  materials  were 
in  a  semi-liquid  condition,  and  from  all  accounts  the  landslip 
resembled  the  bursting  of  a  reservoir  of  water.  Those  who  wit- 
nessed it,  however,  informed  me  that  very  little  water  was  seen, 
the  flowing  mass  consisting  of  a  very  soft  clay  or  mud.  Indica- 
tions of  a  movement  in  the  clays  were  first  seen  on  the  evening 
of  May  6,  in  a  small  hollow  in  the  bank  down  which  a  trickling 
stream  ran,  but  no  attention  was  paid  to  it.  Up  to  the  hour 
when  the  landslip  actually  commenced,  the  people  who  lived 
on  the  ground  that  was  swept  away  crossed  it  by  the  highway 
and  went  in  and  out  of  their  houses  without  any  thought  of  the 
impending  catastrophe.  About  five  o'clock  on  the  morning  of 
May  7,  the  breaking  away  of  the  clay  beds  began  where  some 
slipping  had  been  noticed  on  the  previous  evening.  Very  soon 
the  movement  seemed  to  gather  force  and  work  backward  through 
the  drier  and  harder  clay  in  the  immediate  bank  of  the  river, 
inside  of  which  it  expanded  on  both  sides  into  the  terrace.  The 
softer  material  flowed  out  from  beneath,  while  the  upper  and  more 
coherent  clay  split  off  in  vertical  sheets  and  columns  which  were 
borne  away  in  the  sliding  surging  mass.  This  continued  for 
upwards  of  three  hours,  when  the  transporting  power  seemed  to 
have  spent  itself,  and  great  masses  of  clay  which  had  become  de- 
tached from  the  walls  of  the  chasm  stranded  in  its  bottom,  and 
at  the  time  of  my  examination  were  seen  standing  in  various 
positions,  some  of  them  resembling  cones,  pyramids,  etc. 

"The  marine  deposits  in  which  this  landslide  occurred  are  quite 
arenaceous  and  silty,  especially  in  the  upper  part,  and  no  well 
defined  break  was  seen  to  exist  between  the  Saxicava  sand  and 
Leda  clay,  the  one  graduating  into  the  other.  Hence  the  surface 
waters  percolate  downwards  to  a  considerable  depth  during  the 
period  of  snow  melting  every  season.  This  excess  of  water 
passing  into  the  silty  and  arenaceous  clays  and  sand  must  have 
given  the  beds  greatly  increased  weight.  It  is  probable  also  that 
a  zone  or  layer  of  softened  clay  of  some  thickness  was  thus  pro- 
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duced  beneath  the  arenaceous  strata,  and  held  in  by  an  imper- 
meable hardpan  below,  and  by  the  hardened  clay-banks  on  the 
riverward  side  and  on  the  north  where  a  depression  exists,  sup- 
posed to  be  the  seat  of  an  ancient  landslip. 

"The  cause  of  the  Riviere  Blanche  and  other  landslips  of  this 
part  of  the  St.  Lawrence  valley  seems  to  be: — 

"i.  The  silty  and  arenaceous  character  of  the  Leda  clay, 
rendering  it  capable  of  absorbing  and  retaining  a  large  amount 
of  water;  and, — 

"2.  The  increased  precipitation  during  the  seasons  when  these 
landslips  occurred,  which  saturated  the  deposits  and  gave  them 
greater  weight  than  usual.  These  conditions  doubtless  produced 
unstable  equilibrium  of  the  beds,  resulting  in  displacement  and 
a  flow  of  the  semi  liquid  portion.  The  more  coherent  clays, 
breaking  down  as  described,  and  mixing  with  the  soft  material, 
produced  a  tumultuous  mass  of  mud,  clay  and  sand,  which 
descended  into  the  nearest  valley." 

The  extracts  quoted  above,  appear  to  cover  very  thoroughly 
the  principal  points  involved  in  the  occurrence  of  landslips,  at 
least  in  the  province  of  Quebec.  It  would  appear  also,  that  a 
recurrence  of  similar  conditions  will  at  times  be  attended  with 
similar  results.  It  does  not  appear  to  be  possible  to  adopt  any 
special  methods  to  prevent  these  disasters.  The  simplest  method 
to  prevent  loss  of  life  seems  to  be,  to  prevent  the  placing  of  build- 
ings near  the  front  of  bluffs,  or  shores  where  the  unstable  clay 
deposits  are  liable  to  be  affected  by  the  conditions  already  indi- 
cated. Fortunately,  these  catastrophes  are.  comparatively  rare, 
and  with  proper  attention  to  location  of  houses,  or  farm  buildings, 
much  loss  of  life  can  be  prevented.  The  loss  of  life  in  connection 
with  the  recent  calamity  at  Salette  is  attributable  for  the  most 
part  to  conditions  which  are  not  likely  to  be  repeated,  if  proper 
precautions  are  taken  as  regards  the  location  of  residences;  while 
the  high  agricultural  value  of  many  of  these  clay  flats  is  such  that 
their  abandonment  would  be  a  great  hindrance  to  the  general 
development  of  the  country. 
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THE  DISTRICT: 


The  district  discussed  in  this  report  lies  in  that  part  of  the  prov- 
ince of  Quebec  which  is  southeast  of  the  St.  Lawrence  river  and  south 
of  the  city  of  Quebec.  It  comprises  the  counties  of  Stanstead,  Sher- 
brooke,  Compton,  Beauce,  Sutton,  Brome,  Shefford,  Richmond,  Wolfe, 
Arthabaska,  Megantic,  Lotbini&re,  Bagot  and  Drummond.  Being  the 
first  part  of  southeastern  Quebec  to  be  surveyed  into  townships  after 
the  English  manner  of  survey,  instead  of  division  into  parishes  accord- 
ing to  the  custom  that  prevailed  during  the  period  of  French  rule  in 
Canada,  the  district  is  commonly  known  as  the  "  Eastern  townships." 
As  will  be  shown  on  a  later  page,  this  district  is  distinguished  from 
the  rest  of  the  province  by  a  difference  of  physical  features,  as  well  as 
by  the  accident  of  the  mode  of  survey,  and  so  is  a  natural  division  of 
the  country. 

The  settlement  of  the  Eastern  townships  began  about  the  begin- 
ning of  the  last  century,  but  it  was  some  fifty  years  later  that  the 
hilly  portions  became  sufficiently  opened  up  by  settlement  for  their 
mineral  resources  to  be  made  known.  By  that  time  a  single  line 
of  railway,  the  Grand  Trunk,  had  crossed  the  district  with  a  line 
leading  from  Montreal  on  the  St.  Lawrence  to  Portland  on  the  Atlantic, 
and  a  branch  line  from  Richmond,  about  the  central  point  of  the 
Eastern  townships,  had  also  been  extended  to  Quebec. 

L 

COPPER  MINING  IN  THE  EASTERN  TOWNSHIPS. 

The  occurrence  of  copper  in  the  Eastern  townships  was  known  as 
early  as  1841.  In  that  year  Sir  William  Logan  examined  a  copper 
bearing  property  at  Carbuncle  mountain,  Brompton  lake.  This  was 
one  year  prior  to  the  organization  of  the  Geological  Survey,  of  which 
Logan  was  the  first  Director. 

In  1847  the  Geological  Survey  report  called  attention  to  the 
deposits  at  Upton,  and  the  reports  of  succeeding  years  mentioned  or 
described  other  localities,  until  a  compilation  of  these  in  1 866  gives  a 
list  of  about  five  hundred  localities  in  which  copper  was  known  to 
'•ccur  in  the  district.  This  mineral  was  vigorously  sought  for,  and 
extensively  mined  between  the  years  1859  and  1866.    With  the  de- 
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cline  in  the  price  of  copper  which  followed  this  time,  from  about 
thirty-five  to  nine  cente  per  pound,  the  mining  operations  received  a 
very  severe  check,  and  work  for  a  time  almost  completely  ceased. 

In  this  earlier  work  copper  was  the  only  product  of  the  ore  that 
was  then  of  any  considerable  value,  aud  the  richest  sulphur  ores  were 
discarded  when  the  percentage  of  copper  was  low.  But  after  the  in- 
tense speculative  wave  had  passed,  notwithstanding  the  low  price  of 
copper,  between  1875  and  1885  several  properties  were  reopened,  or 
changed  management,  and  were  worked  on  a  better  economic  basis. 
Not  only  were  the  metallic  contents  of  the  ores,  except  the  iron, 
utilized,  but  the  sulphur  was  also  saved,  for  the  manufacture  of  sul- 
phuric acid  and  allied  products.  Thus  the  mines  at  Capelton  and 
Eustis  have  been  worked  continuously  for  about  thirty  years,  i.e.  ever 
since  their  operations  have  extended  to  the  utilization  of  the  sulphur. 
A  depth  of  three  thousand  feet,  or  thereabouts,  has  been  reached,  and 
although  detailed  reports  are  not  available  the  extension  of  the  plants, 
and  other  features  observable,  indicate  no  diminishing  of  the  works  at 
those  well  managed  and  successful  mines. 

After  remaining  unworked  for  a  long  interval  the  property  known 
as  the  Cillis  mine,  on  lot  4,  range  XI,  of  Ascot,  was  reopened,  and 
operated  in  the  same  manner  by  an  American  company,  and  a  large 
amount  of  valuable  ore  was  produced.  This  mine,  known  under  the 
new  management  as  the  "  Howard,"  only  ceased  to  be  worked  after 
the  ore  body  had  been  followed  across  the  line  into  the  adjoining  pro- 
perty, called  the  King  mine.  In  the  King  and  Suffield  mines  the 
development  work  carried  on  by  the  present  proprietor,  Mr.  A.  O. 
Norton,  Boston,  Mass.,  has  been  very  successful  A  large  amount 
of  ore  has  been  exposed  and  important  extensions  of  the  work  are 
being  projected. 

Th3  Moulton  Hill  mine,  a  few  miles  east  of  Sherbrooke,  was  work- 
ed at  the  same  time  as  the  Howard  and  under  the  same  management. 
It  seems  to  have  produced  about  a  thousand  tons  of  ore  per  month 
during  the  last  year  it  was  in  operation.  The  Ascot  mine,  in  lot  S, 
range  VIII  of  the  township  of  Ascot,  is  another  of  the  reopened 
properties.  Under  the  direction  of  Mr.  John  McCaw,  one  of  its 
owners,  this  mine  is  at  present  producing  an  excellent  quality  of  ore. 

In  short,  wherever  the  mining  has  been  carried  on  with  consistent 
economy  ;  the  characters  of  the  ore  bodies  properly  observed  in  follow- 
ing the  ore ;  the  product  of  the  mines  utilized  to  their  full  value, 
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and  transportation  facilities  were  at  least  normally  favourable,  success 
seems  to  have  followed. 

Since  the  district  was  first  opened  the  conditions  of  mining  in  it 
have  greatly  changed.  At  that  time  only  the  Grand  Trunk  rail- 
way  crossed  the  copper-bearing  district,  and  it  was  from  ten  to 
thirty  miles  distant  from  the  majority  of  the  mines.  There  have 
since  been  added  the  Canadian  Pacific,  the  Boston  and  Maine,  the 
Quebec  Central,  as  well  as  the  Orford  Mountain,  and  the  Lotbiniere 
and  Megantic,  two  local  railways,  all  of  which  greatly  facilitate 
transportation  for  raining  purposes.  For  instance,  the  mines  at  Eustis 
and  Capelton,  which  when  opened  were  seven  miles  from  a  railway, 
are  now  served  by  the  Boston  and  Maine  railway,  which  crosses  the 
properties  and  gives  a  direct  line  to  Boston  and  other  Atlantic  ports- 
The  Suflield,  King,  Ascot,  and  several  other  properties  in  the  southern 
part  of  the  township  of  Ascot,  which  were  eight  or  ten  miles  from  a 
railway  when  opened,  are  at  present  about  equidistant,  two  miles,  from 
the  Boston  and  Maine  on  the  south  and  the  Canadian  Pacific  railway 
on  the  north.  This  central  locality  is  one  hundred  miles  from  Mont- 
real, thrte  hundred  from  Boston,  and  four  hundred  from  New  York, 
with  direct  lines  of  railway  to  each. 

The  Quebec  Central  railway  reduces  the  distance  of  the  Harvey  Hill 
mine  from  a  railway,  from  fifteen  miles  to  seven,  and  affects  most  of 
the  other  deposits  northeast  of  the  St.  Francis  river  in  an  equally 
favourable  manner.  The  Canadian  Pacific  gives  access  to  Roxton  and 
vicinity,  and  brings  the  Sweet  mine  and  other  deposits  of  Sutton  within 
one  mile  of  a  railway,  instead  of  thirty,  as  was  the  case  when  these 
were  formerly  worked.  Similarly  the  Orford  Mountain  railway  has 
improved  the  means  of  access  to  the  copper  deposits  of  Shefford,  Ely, 
and  Melbourne. 

This  opening  of  the  country  has  not  yet  proceeded  so  far  as  to 
exhaust  the  supply  of  fuel  of  the  district,  which,  as  well  as  the  water 
supply,  is  still  sufficient  for  mining  purposes.  Generating  the  electri- 
city from  a  neighbouring  waterpower,  the  Eustis  Mining  Company 
employ  electric  power  at  their  works,  and  a-e  expected  eventually  to 
iight  their  extensive  mine  by  the  same  means. 

Labour  in  the  district  has  advanced  somewhat  in  price  since  the 
earlier  mining  operations,  but  is  still  low  as  compared  with  the  more 
recently  established  mining  centres.  Mine  foremen  receive  about 
$2.50  per  day,  miners  $1.50,  and  labourers,  81.25. 
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And  if  to  these  circumstances  there  be  added  the  improved  methods 
of  smelting,  and  the  altered  demands  of  the  modern  market, 
especially  for  the  by-products  of  the  sulphuric  acid  industry, 
it  will  be  readily  seen  that  the  question  of  copper  mining  in  the  East- 
ern townships  to-day  is  on  an  entirely  different  basis  from  that  of  forty 
yean*  ago. 

COPPER  DEPOSITS  OF  THE  EASTERN  TOWNSHIPS. 
The  copper  deposits  of  the  Eastern  townships  are  of  three  distinct 

1st.  Ores,  chiefly  chalcopyrite  with  small  amounts  of  chalcocite 
and  relatively  unimportant  amounts  of  carbonates,  in  pyrites.  The 
deposits  of  this  class  occur  in  the  porphyry-andesite  schists,  the  oldest 
rocks  of  the  region.  They  form  lenticular  bodies,  apparently  occu- 
pying crevices,  or  more  likely  having  replaced  the  rock  along  lines  of 
weakness  produced  in  the  course  of  the  intense  regional  folding  to 
which  these  ro?ks  have  been  subjected.  The  gangue  material  when 
distinct  from  the  country  rock  is  generally  quartz,  though  sometimes 
calcite. 

2nd.  Chalcopyrite,  bomite,  and  chalcocite,  with  small  amounts  of 
carbonates,  compose  the  deposits  of  the  second  class.  These  occur  as 
irregular  bodies  in  Canabro  Silurian  sediments  where  the  latter  are 
invaded  by  certain  intrusive*.    The  gangue  matter  is  largely  calcite. 

3rd.  Chalcopyrite  in  pyrrhotite,  with  a  little  pyrite,  forms  the  third 
class.  The  deposits  of  this  class  are  situated  along  the  contact  of 
Cambro-ttilurian  strata  with  intrusive  diabase.  They  are  distinguished 
from  the  ore  bodies  of  the  second  class,  not  only  by  the  character  of 
the  ore  and  the  presence  of  pyrrhotite,  but  also  by  the  fact  that  the 
second  group  are  generally  extomorphic  contact  bodies,  while  the 
third  are  principally  eudomorphic  features  of  the  contact  Moreover 
the  intrusives  of  the  former  are  only  dikes  of  comparatively  small 
volume,  but  those  of  the  latter  class  are  large  mountain-forming 
masses.  The  country  rock  of  the  second  class  of  deposits,  wherever 
they  have  shown  any  important  dimensions,  is  limestone,  with  one  pos- 
sible exception,  but  in  the  third  class  it  is  an  iron  bearing  slate  in 
some  cases,  and  other  metamorphic  locks  of  the  district  in  others. 
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1.  Chalcopyrite  and  Pyrites  Deposits. 
In  Ute  Porphyry-And^sUe  Series. 

The  deposits  of  this  class  include  the  principal  properties  that  were 
worked  in  the  early  development  of  the  district,  and  all  that  are 
at  present  in  operation.    They  comprise  three  principal  groups: 

(a)  Some  fifty  mines  and  prospects,  in  the  township  of  Ascot,  and 
other  townships  near  the  city  of  Sherbrooke.  Amongst  these  are 
the  Eustis,  Capelton,  King,  Sumeld,  Ascot  and  other  less  known 
properties. 

(6)  The  series  of  deposits  long  known  to  extend  through  the  town- 
ships of  Sutton,  St.  Arniand,  Brome,  Shefford,  Ely,  Melbourne,  Cleve- 
land, Shipton,  Tingwick,  Arthabaska,  Chester,  Ham,  Wolfestown, 
Inverness  and  Leeds,  as  well  as  the  divisions  of  the  seigniory  of  St. 
Giles,  known  as  the  Handkerchief,  and  Ste.  Marguerite,  in  the  county 
of  Lotbiniere. 

(c)  Deposits  in  the  little  known  district  along  the  boundary  line 
between  the  province  of  Quebec  and  the  state  of  Maine,  south  and  east 
of  Lake  Megan  tic. 

It  may  be  seen  by  reference  to  the  accompanying  map  that 
these  grounds  are  in  the  form  of  belts,  which  have  a  general  north- 
easterly trend,  and  are  approximately  parallel.  For  convenience  they 
may  be  designated  as  the  Sutton,  the  Ascot,  and  the  Lake  Megantic 
belts. 

In  all  cases  the  deposits  of  this  class  occur  in,  or  in  close  associa- 
tion with,  altered  volcanic  rocks,  generally  of  the  porphyry  class. 
The  country  rock  is  always  highly  folded,  and  often  twisted  and  con- 
torted to  a  remarkable  degree,  and  this  deformation  gives  their  shape 
to  the  ore  deposits.  In  form  the  deposits  are  much  flattened  lenses, 
which  lie  in  conformity  with  the  foliation  of  the  rock.  They  are 
arranged  en  tcfielon,  generally  along  zones  of  extreme  foliation. 
The  individual  lenses  seldom  exceed  twenty  or  thirty,  feet  in 
width,  and  bodies  of  these  dimensions  would  be  from  two  hundred  to 
three  hundred  feet  in  length,  according  to  approximate  generalization 
from  observation  of  a  considerable  number  of  the  smaller  lenses,  and 
from  the  experience  of  miners  who  have  worked  out  many  bodies. 
The  third  axis,  that  nearest  the  vertical,  follows  the  dip  of  foliation. 
But  its  length  relative  to  the  other  axes  is  not  easy  to  ascertain,  even 
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approximately,  since  it  is  only  those  lenses  which  lie  wholly  beneath 
the  surface  and  which  have  been  entirely  worked  out  that  can  give 
data  of  any  value,  and  such  opportunities  for  observation  are  neces- 
sarily rare.  Experienced  miners  soon  agree  that  the  dimension  of 
these  bodies  along  the  dip  is  sometimes  greater,  at  others  less,  than  the 
horizontal  axis,  and  some  are  of  the  opinion  that  it  is  generally 
greater. 

The  arrangement  of  the  ore  lenses  en  Echelon  is  a  matter  of  much 
importance  in  following  the  ore  bodies.  Thus  in  the  Capelton  district 
the  miners  havo  learned  when  a  lens  is  exhausted  to  drift  to  the  right, 
to  find  the  next.  That  is,  in  proceeding  along  the  strike  towards 
the  northeast,  each  succeeding  lens  appears  on  the  southeast  side  of  the 
previous  one,  i.e.,  in  the  hanging  wall,  and  in  going  towards  the  south- 
west the  next  ore  body  is  to  be  looked  for  on  the  northwest,  or  in 
the  foot  wall.  The  dip  hero  is  from  40  to  70  degrees  towards  the 
southeast. 

The  ore  bodies  correspond  in  their  arrangement  with  the  order  of 
the  hills  of  the  district,  and  with  the  general  structure  of  the  Appala- 
chian Mountain  system,  in  which  each  range  when  it  terminates  to  the 
northward  is  succeeded  by  another  lying  to  the  east.  It  is  this  orogra 
phic  feature  which  gives  the  Atlantic  coast  its  general  northeasterly 
trend. 

Though  rarely,  the  ore  bodies,  occasionally,  cross  the  planes  of  folia- 
tion of  the  country  rock.  They  then  have  the  aspect  of  veins  running 
slightly  obliquely  to  the  strike,  or  more  rarely,  to  the  dip  of  the 
enclosing  rock.  These  vein-like  massses  are,  however,  of  very  limited 
extent,  and  are  probably  only  the  filling  of  local  fractures  between 
larger  shearing  planes.  They  are  perhaps  the  better  developed  of  the 
minor  series  of  fracture  joints.* 

The  walls  of  the  ore  bodies  are  not  usually  well  defined,  though 
one  is  often  more  definite  than  the  other.  The  ore,  which  con- 
sists essentially  of  chaloopyrite  in  pyrite,  grows  poorer  towards 
the  edges  of  the  bodies  where  there  are  no  definite  walls,  until 
the  proportion  of  ore  in  the  country  rock  becomes  so  small  as  to 
be  imperceptible.  From  the  evidence  at  present  available  it  can  only 
be  said  that  these  ores  were  primarily  brought  in  by  the  vol- 
canics  in  which  they  are  generally  found  ;  that  the  subsequent  folding 

*  J.  B.  Woodworth,  Pr.*w<]iiJ£H  Boston  Society  of  Natural  History  Vol.  XVIII 
p.  397,  181HJ. 
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and  shearing  of  these  rocks  developed  planes  of  easier  passage  in  which 
the  subterranean  waters,  leaching  out  the  metallic  minerals  from  the 
rock,  deposited  them  by  replacement  of  the  rock.  The  better  defined 
wall  on  the  side  of  the  ore  bodies  may  be  due  to  the  fact  that 
the  rock  on  one  side  of  a  shear  plane  being  more  highly  fractured  than 
on  the  other,  as  is  often  the  case,  the  greater  replacement  would  take 
place  on  the  fissile  side  of  the  water  bearing  crevice.  Then  after  the 
first  film  of  ore  had  been  deposited  a  protection  is  afforded  by  it  for 
the  rock  face  on  which  it  is  deposited  and  all  further  replacement  is 
likely  to  be  on  the  side  of  the  more  fractured  rock.  The  foot  wall  is 
generally  the  one  that  is  better  defined. 

The  common  occurrence  of  chalcopyrite  in  crevioes  within  the  pyrite, 
and  as  a  thin  layer  upon  a  joint  face,  seems  to  indicate  that  the  chal- 
copyrite was  introduced  later  than  the  pyrite.  But  of  this  there  is  not 
enough  known  as  yet  to  speak  decisively.  Actual  crystal  replacement 
has  not  yet  been  observed. 

The  average  of  a  large  number  of  assays  of  specimens  from  the  south 
side  of  the  Capelton  hill,  i.e.  from  the  Eustis  and  Capelton  mines,  and 
other  properties  of  the  vicinity,  made  previous  to  1886,  showed  the 
copper  to  range  from  4  per  cent  to  5  per  cent ;  sulphur,  38  per  cent 
to  40  per  cent;  and  approximately  1  oz.  of  silver  to  each  unit  of 
sulphur,  with  small  amounts  of  gold. 

A  number  of  assays  of  recent  date  from  the  north  side  of  the  same 
bill,  from  the  Suffield,  King  and  other  properties,  give  a  lower  percent- 
age of  sulphur,  but  higher  metallic  values,  especially  of  silver,  which 
here  seems  to  vary  without  regard  to  the  sulphur.  As  a  very  general 
statement  the  ores  of  this  class  of  deposits  may  be  said  to  carry  4  per 
cent  of  copper,  35  per  cent  sulphur,  near  the  surface,  and  at  greater 
depths  to  yield  uniformly  3  per  cent  of  copper,  40  per  cent  of  sulphur, 
3  oz.  of  silver,  and  small  amounts  of  gold. 

Gold,  which  does  not  seem  to  be  present  in  appreciable  amounts  at 
lower  levels,  is  often  an  important  factor  near  the  surface.  Alluvial 
^old  occurs  in  many  of  the  streams  which  run  over  these  copper  bear- 
ing rocks,  and  the  surface  rocks  yield  gold  in  many  parts.  At  a  depth 
of  a  few  feet  from  the  surface  most  of  such  prospects  have  been  aban- 
doned, but  in  one  or  two  notable  instances  the  gold  prospects  have 
been  developed  into  copper  mmes,  through  the  copper  increasing  as 
the  gold  values  decline. 

Although  it  has  not  yet  been  found  possible  to  get  information  suffi- 
ciently definite  and  accurate  to  make  a  satisfactory  comparison  of  the 
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ores  at  different  depths  there  appear  to  be  slightly  higher  copper, 
and  distinctly  greater  gold  values,  near  the  surface,  than  at  a  depth 
of  a  few  hundred  feet.  This  richer  zone  seems  to  be  deeper  but  less 
well  marked  in  the  case  of  copper  than  of  gold.  The  information 
available  is,  however,  insufficient,  as  yet,  to  admit  of  safe  generaliza- 
tion. At  present  it  can  only  be  said  that  there  probably  are  such 
zones,  that  they  are  presumably  due  to  secondary  enrichment,  and  that 
the  enrichment  has  taken  place  from  above,  and  hence  by  means  of 
descending  waters.  The  evidences  that  both  the  iron  and  the  copper 
sulphides  were  deposited  in  their  present  position  after  the  foliation  of 
the  country  rock  began  have  been  already  noted. 

The  source  of  the  copper  and  other  metallic  minerals  seems  undoubt- 
edly to  be  the  volcanic  rocks.  The  principal  deposits  occur  wholly 
within  these  rocks,  smaller  bodies,  however,  being  not  infrequently 
found  along  the  contact  of  the  volcanics  with  an  overlying  dolomite. 
In  such  cases  the  copper  has  evidently  been  deposited  contempor- 
aneously with  the  dolomite,  which  it  more  or  less  strongly  impregnates 
for  a  distance  of  a  few  feet  only  from  the  volcanic  rock. 

It  was  recognized  by  Logan  that  the  copper  deposits  were  derived 
from  the  country  rock.  (Geology  of  Canada,  1863,  pp.  734-5.)  But, 
on  the  assumption  that  the  country  rock  was  of  aqueous  origin,  they 
were  regarded  by  him  as  an  excellent  example  of  sedimentary  mineral 
deposits.  Thus  he  wrote  (Geology  of  Canada,  1863,  p.  734  et  *eq.) 
'*  The  evidence  which  has  been  presented  in  the  descriptions  of  the 
copper  deposit*  of  the  Quebec  group,  appears  to  show  that  the  metal,  like 
the  iron,  manganese,  nickel  and  chrome,  which  so  often  accompany  it 
throughout  these  rocks,  was  held  in  solution  by  the  waters  from  which 
the  sediments  of  the  period  were  deposited.  By  the  agency  probably 
of  organic  matters  it  was  reduced  to  the  condition  of  a  sulphuret  and 
precipitated  with  the  sediments  either  in  a  finely  divided  stale,  or 
more  frequently,  in  small  nodules,  or  patches,  which  became  interstrat 
ified  with  the  limestones,  the  slates,  the  diorites,  and  the  other  rocks 
of  the  series.  A  subsequent  action,  probably  contemporaneous  with  that 
which  has  metamorphosed  and  crystallized  the  rocks  over  a  great  part 
of  their  extent,  dissolved  out  portions  of  the  copper  sulphurets  from 
these  beds  and  in  certain  cases  deposited  ihem  with  quartz  and  various 
spars  in  the  fissures  of  the  rocks ;  giving  rise  to  the  veins  or  courses 
which  have  been  described. 

"  There  appear  to  be,  in  this  region,  no  facts  to  sustain  the  ancient 
notion  of  the  connexion  of  metalliferous  deposits  with  eruptive 
rocks  which  are  absent  from  great  portions  of  the  district." 
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With  the  knowledge  that  the  country  rock  is  largely  eruptive,  and 
that  eruptive  rock  is  present  at  all  the  occurrences  of  copper  of  any 
probable  importance  in  the  district,  the  above  opinion  should  evidently 
be  reversed. 

2.  Chalcopyritr,  Bornite,  Chalcocite,  Ac. 

Forming  Contact  Deposits  between  Cambro-Silurian  Limestones  and 

Certain  Intrusives. 

The  ore  bodies  of  the  Acton  district  are  the  best  known  of  the 
second  class  of  copper  deposits  of  the  Eastern  townships.  The  ores 
are  chiefly  sulphides,  bornite  becoming  important,  while  it  rarely,  if 
ever,  occurs  in  the  deposits  just  described. 

This  group  of  ore  bodies  occurs  in  the  vicinity  of  a  series  of  dikes 
which  extends  from  Roxton  in  the  county  of  Shefford  to  Ste.  Apol- 
linaire  in  the  county  of  Lotbiniere,  a  distance  of  about  one  hundred 
miles.  The  principal  occurrences  known  are  at  Roxton,  Acton,  Upton, 
Durham,  Wickham,  Drummondville,  Nelson  and  St.  Flavien.  The 
greater  part  of  all  the  ore  bodies,  and  practically  all  of  many  of  them, 
is  found  in  the  sedimentary  rocks,  generally  Trenton  limestone.  But 
in  several  instances,  notably  at  Roxton,  Nelson  and  St.  Flavien,  copper 
occurs  in  the  intrusive  rock,  an  amygdaloidal  diabase.  At  Upton  a 
little  native  copper  is  also  found. 

At  Acton,  which  has  been  by  far  the  most  important  of  this  class 
of  deposits,  a  large  amount  of  high  grade  copper,  much  of  it  30  per 
cent  ore,  was  produced  for  several  years.  The  sedimentary  rocks  at 
this  mine  are  a  magnesian  limestone,  overlying  a  black  shale.  Both 
are  cut  by  dikes  or  an  irregular  intrusion  of  diabase,  or  some  allied 
greenstone.  The  productive  part  of  the  deposit  was  found  in  the 
limestone,  and  when  this  was  passed  through  the  smaller  amounts  of 
ore  in  the  shale  made  the  work  unremunerative. 

In  the  township  of  Durham,  some  twelve  miles  south  of  Acton 
there  occurs  a  body  of  these  ores,  the  most  southerly  of  the  group.  It 
is  located  near  the  southern  edge  of  the  limestone,  which  is  here  only 
fifty  feet  thick.  The  ore  supply  failed,  just  as  at  Acton,  when  the 
shaft  reached  the  underlying  shale. 

Upton,  six  miles  northwest  of  Acton,  is  the  most  remote  of  the 
deposits  in  that  direction.  Four  different  properties  were  at  one  time 
worked  in  this  vicinity.    None  of  the  workings  seem  to  have  reached 
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a  depth  of  one  hundred  feet.  The  ore  occurs  in  irregular  veins,  or 
stringers  in  the  limestone,  which  is  generally  crystalline.  It  is  also 
finely  disseminated  through  many  parts  of  the  limestone.  A  small 
amount  of  high  grade  ore  was  obtained  by  hand  picking.  No 
machinery  for  crashing  or  mining  seems  to  have  been  used. 

At  Wickharo,  eleven  miles  northeast  of  Acton,  copper  was  mined  to 
a  small  extent.  The  geological  conditions  are  similar  to  those  at 
Upton,  but  the  thickness  of  the  limestone  was  not  reached  at  either 

At  Drummondville,  Nelson,  and  St.  Flavien,  farther  to  the  north- 
east, the  copper  occurs  in  the  intrusive  rocks,  which  seem  to  form 
one  or  more  dikes  a  quarter  of  a  mile  in  width.  The  principal  work 
was  done  at  St.  Flavien,  where  several  shafts  wore  sunk,  and  a  depth 
of  a  hundred  feet  or  more  attained. 

Although  considerable  development  was  carried  on  at  all  of  the 
localities  mentioned,  as  well  as  at  some  others,  no  permanent  ores  have 
resulted.  The  fact  that  the  gangue  material  with  the  ores  of  this  class 
of  deposits  is  limestone  should  make  them  valuable  to  mix  with  the 
siliceous  ores  of  the  other  deposits,  where  even  a  very  low  percentage 
of  copper  would  add  to  the  value  of  the  limestone  as  a  flux. 

3.  Chalcopyrite  in  Pyrriiotite. 

Forming  Contact  Deposit*  between  Intrusive  Diabases  of  the  Serpentine 

Series,  and  Sediments. 

The  ores  of  the  third  class  of  deposits  are  distinguished  from  the 
others  by  the  predominance  of  pyrrhotite.  Iron  pyrites  is  also  present, 
but  chalcopyrite  seems  to  be  the  only  form  in  which  copper  occurs  in 
these  deposits.  They  are  known  to  occur  at  various  points  along  the 
serpentine  belt,  especially  in  the  townships  of  Bolton,  Pottoo, 
Brompton,  Orford,  Ham,  and  Garthby,  and  are  liable  to  be  found 
anywhere  along  the  contact  of  the  later  eruptives  of  the  serpentine 
area. 

The  Huntingdon  mines,  in  the  township  of  Bolton,  have  been  the 
most  extensively  worked  of  any  of  this  group.  The  ore  forms  a  body 
some  eight  feet  in  width  at  the  surface  along  the  inner  contact  zone 
of  a  dike  with  clastic  rocks.  There  are  no  structural  or  other  features 
to  suggest  secondary  concentration  of  the  ore,  or  that  the  deposit  is 
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other  than  an  original  segregation  in  the  magma  of  the  intrusive  rock. 
The  ore,  of  which  large  shipments  were  formerly  made,  is  reported 
to  have  yielded  an  average  of  about  5  per  cent  copper. 

The  mine  has  not  been  in  operation  for  some  years.  During  the 
period  of  its  most  successful  operation  the  nearest  railway  was  twenty-, 
four  miles  distant.  At  present  a  newly  completed  portion  of  the 
Orford  Mountain  railway  passes  within  a  few  yards  of  the  shafthouse. 

The  properties  known  as  the  Bolton  and  the  Ives  mines  are  situated 
about  a  mile  and  a  half  north  of  the  Huntingdon,  and  near  tho  village 
of  Eastman,  on  the  line  of  the  Canadian  Pacific  railway.  In  the 
character  of  their  ores,  and  their  mode  of  occurrence,  they  are  essen- 
tially similar  to  the  last    They  too  are  at  present  closed. 

The  Lake  Memphremagog  mine  is  situated  on  the  northwest  slope 
of  Hogsback  mountain,  two  miles  from  Tucks  Landing,  in  the  town- 
ship of  Potton.  The  development  of  this  property  consists  at  present 
of  a  vertical  shaft  eighty  feet  in  depth,  with  an  adit  driven  in  to 
meet  the  shaft  at  a  depth  of  fifty  feet  from  the  surface.  The  ore-body 
extends  in  length  for  three  hundred  feet  in  sight,  and  exposures  a 
thousand  feet  apart  are  probably  the  continuation  of  the  same  deposit. 
In  the  adit,  which  is  a  cross-cut,  one  hundred  and  ten  feet  of  ore 
are  exposed,  without  the  inner  limit  of  the  ore  body  having  been 
reached.  This  ore  varies  in  the  amount  of  copper  it  carries  from  one 
to  nine  per  cent.  There  are  also  small  amounts  of  gold,  generally 
enough  to  be  appreciable. 

In  lot  21,  range  of  Garthby,  there  is  a  deposit  of  a  similar  ore, 
which  is  apparently  of  important  size.  It  is  known  as  the  Garthby, 
or  Lac  Coulombe  mine.  A  shaft,  said  to  be  fifty  feet  deep,  has  been 
sunk,  and  apparently  much  of  the  output  remains  on  the  ground.  The 
shaft  seems  to  be  sunk  in  solid  ore.  The  surface  stripping  has  not  been 
sufficient  to  make  it  possible  to  estimate,  even  approximately,  the  size 
of  the  ore  body. 

II. 

Igneous  Rocks  of  the  Eastern  Townships  op  Quebec. 

Outline. 

1.  Area  defined. 

2.  Geography. 

3.  General  geology. 
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4.  Sketch  of  previous  geological  research. 

5.  Petrographical  Province  of  the  Eastern  townships. 
Sub-provinces  :  (a)  Copper  bearing  volcanics,   and  associated 

rocks. 

(b)  Serpentines  and  diabases. 

(c)  Granites, 
(rf)  Later  dikes. 

6.  Petrographical  Province  of  the  Monteregian  hills. 

I. 

That  portion  of  the  province  of  Quebec  which  has  been  affected  by 
the  Appalachian  uplift  lies  wholly  to  the  south  of  the  St.  Lawrence 
river.  It  comprises  two  somewhat  distinct  parte,  the  mountainous 
region  of  the  Gaspe  peninsula  along  the  lower  St  Lawrence,  and  the 
hilly  country  from  the  Chaudiere  river  to  the  International  Boundary 
Line  between  the  province  of  Quebec  and  the  States  of  Maine,  New 
Hampshire,  and  Vermont.  The  interval  between  the  two  portions  is 
marked  only  by  a  subsidence  in  the  Appalachian  hills  southeast  of  the 
city  of  Quebec. 

The  second  of  these  two  areas  is  commonly  designated  as  the 
Eastern  townships.  Being  less  easily  accessible,  on  account  of  its 
hilly  character  as  well  as  its  position,  and  also  less  desirable  otherwise 
for  settlement,  this  region  was  not  surveyed  until  some  thirty  years 
after  the  cession  of  Canada  to  England.  It  was  then,  accordingly, 
divided  into  townships  approximately  square,  and  it  was  further  sub- 
divided into  ranges  and  lots,  according  to  the  English  method,  instead 
of  beinsj  formed  into  seigniories  and  parishes  after  the  old  French 
mode  of  survey. 

• 

The  general  trend  of  the  hills  of  the  Eastern  townships  is  a  north- 
easterly one,  conforming  to  the  direction  of  the  Appalachian  folding, 
the  successive  ridges  growing  higher  as  they  are  more  remote  from  the 
St.  Lawrence  valley.  The  principal  rivers,  such  as  the  Yamaska,  St. 
Francis,  Nicolet,  Becancour  and  Chaudiere,  cross  these  hills  about  at 
right  angles  to  their  course,  and  drain  the  region  into  the  St.  Law- 
rence. 

2. 

The  tributaries  of  these  rivers,  however,  take  their  direction  from 
the  Appalachian  folds  and  generally  flow  in  either  northeast  or  south- 
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west  courses.  The  tributaries  are,  therefore,  subsequent  to  the  Appal- 
achian hills,  while  the  main  rivers  are  either  antecedent  to  the  later 
stages  of  that  uplift  or  have  been  superposed  on  the  older  rocks  by 
the  extensive  denudations  of  the  region.  Hence  the  tributaries  are 
commonly  much  younger  than  the  main  rivers.  From  these  facts, 
and  also  since  the  course  of  chief  glacial  action  has  been  parallel  to 
the  valleys  of  the  principal  rivers  and  transverse  to  the  tributaries, 
it  results  that  many  of  the  latter  empty  into  the  former  by  falls  and 
rapids.  The  water  which  these  furnish  has  given  rise  to  several 
manufacturing  centres,  as  the  city  of  Sherbrooke  where  the  Magog 
falls  into  the  St  Francis,  and  the  town  of  Windsor  Mills  at  the 
junction  of  the  Ouatopekah  with  the  same  river.  The  principal 
rivers  thus  give  cross  sections  of  the  region,  while  the  tributaries 
usually  afford  much  less  information  regarding  the  underlying  rock. 


3. 

With  the  exception  of  a  few  small  outliers  of  Devonian  the 
sedimentary  rocks  of  the  Eastern  townships  are  now  considered  to 
be  Pre-Silurian  in  age.  Silurian  strata  occur  a  short  distance  to  the 
north  of  the  district  in  question,  and  small  outliers  may  be  found 
within  it,  but  thus  far  none  such  have  been  definitely  determined. 
To  the  Cambro-Silurian  have  been  assigned  certain  of  the  limestones, 
the  calcareous  and  ferruginous  slates  ;  to  the  Cambrian,  part  of  the 
quartzites,  grey wacke,  and  the  clay  slates ;  while  similar  rocks,  with 
the  exception  of  the  clay  slates,  are  referred  to  Pre- Cambrian,  as 
well  as  the  large  areas  of  slates  that  are  characterized  by  the  presence 
of  chlorite  and  epidote. 

Igneous  rocks  are  found  to  underlie  the  earliest  sediments,  and  to 
be  intercalated  amongst  them,  and  to  be  intrusive  through  even  the 
latest.  Altered  volcanics  of  both  acid  and  basic  types  are  the  oldest ; 
while  closely  associated  with  them  are  large  areas  of  stratified  rock, 
which  are  thought  to  be  in  part,  at  least,  much  altered  tuffs.  Serpen- 
tines occur  amongst  the  earliest  sediments,  and  probably  also  cut  others 
of  somewhat  later  age.  The  diabases  and  later  gabbro-diorites,  which 
are  closely  associated  with  the  serpentines  in  position,  as  well  as  the 
granites  which  lie  to  the  southeast  of  the  Appalachian  ridges,  and  the 
syenitic  rocks  of  the  Monteregian  hills  to  the  northwest,  are  later 
in  age  than  any  of  the  sediments.  Still  later  than  these  are  the 
dikes  of  camptonite,  diabase  and  bostonite,  which  cut  all  of  the  rocks 
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already  mentioned,  and  are  themselves  little  altered  in  character  or 
disturbed  in  position. 

Extreme  metamorphism  has  obscured  or  totally  obliterated  much  of 
the  fossil  evidence  which  the  sedimentary  rocks  might  otherwise 
have  furnished,  while  such  fossil  evidence  as  there  is  is  rendered  less 
useful  for  precise  correlation  by  the  peculiar  conditions  under  which 
these  sediments  have  probably  been  deposited.  They  have  accordingly 
been  designated  in  geological  nomenclature  as  the  Quebec  group.* 


4. 

The  group  of  rocks  thus  named  by  Logan  and  Billings  was  consid- 
ered by  them  to  be  equivalent  to  the  Calciferous  and  Chazy  formations 
in  part.  Subsequently,  however,  Selwyn  and  Ells  distinguished  within 
the  area  assigned  to  the  Quebec  group  the  measures  now  mapped  as 
Pre-Cambrian,  showed  much  of  the  supposed  Silurian  to  be  Cambro- 
Silurian  and  classed  the  greater  part  of  the  remaining  rocks  as  Cam- 
brian. 

The  Pre-Cambrian  comprises  three  main  ridges  which  are  the  prin- 
cipal physiographic  features  of  the  Eastern  townships,  viz.:  the  Sutton 
Mountain,  the  Stoke  Mountain  and  the  Boundary  Line  hills.  These 
ridges,  which  are  roughly  parallel,  run  in  a  northeasterly  course  as  de- 
termined by  the  Appalachian  folding  and  are  themselves  about  twenty  - 
five  miles  apart  between  the  St.  Francis  and  the  Chaudiere  rivers. 
The  rocks  composing  them  were,  in  the  first  investigations  of  the  Geo- 
logical Survey  under  Sir  W.E.  Logan  and  Dr.  T.  S.  Hunt,  named 
argillites,  sandstones,  chloritic  and  nacreous  schists  and  slates.  In 
stratigraphical  arrangement  these  ridges  were  supposed  to  be  synclinal 
troughs,  which  had  resisted  denudation  better  than  the  intervening 
strata. 

This  view  was  first  questioned  by  Hunt  on  stratigraphical  grounds, 
and  later  by  Selwyn,  both  on  stratigraphical  and  lithological  evidence. 
Dr.  Selwyn  reached  the  conclusion  that  these  folded  ridges  are  anti- 
clines, not  synclines,  and  held  that  the  rocks  composing  them  were 
older  than  the  Quebec  group  and  consequently  formed  no  part  of  it. 
The  results  of  the  subsequent  investigation  by  Dr.  Ells  substantiated 
this  view. 


•  Sir  W.  E.  Logan,  Geology  of  Canada,  1863,  et  alitor. 
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The  first  igneous  rocks  recognized  in  the  Eastern  townships  were 
the  granites  of  Stanstead  and  Megantic,  the  syenitic  rocks  of  the 
Monteregian  hills,  Brome  and  Shefford,  and  the  gabbro-diorites  of 
Brooipton,  Orford  and  Ham.  These  are  described  at  some  length  in  the 
Geology  of  Canada,  1863,  and  have  been  previously  discussed  by  H'int. 

Both  Hunt  and  Logan  regarded  the  serpentines  as  altered  sediments 
and  correlated  them  stratigraphically  with  the  dolomites,  in  view  of 
their  magnesian  contents.  Dr.  Selwyn  seems  to  have  been  the  first  to 
point  out  the  probable  origin  of  the  serpentines,  and  also  suggested 
that  the  stratigraphical  questions  then  under  discussion  were  compli- 
cated by  the  fact  that  some  of  the  other  highly  netamorphosed  rocks 
were  in  reality  disguised  volcanics.  A  suite  of  specimens  of  doubtful 
rocks  submitted  by  him  to  Dr.  F.  D.  Adams,  (Annual  Report,  G.S.C., 
1880-81-52)  proved  the  serpentines  to  be  altered  igneous  rocks  gener- 
ally of  the  peridotite  class,  the  so-called  diorites  to  be  diabases  and  al- 
lied rocks,  and  some  of  the  other  highly  altered  rocks  of  the  region  to 
be  of  sedimentary  origin. 

The  re-examination  of  the  areal  geology  of  the  district  which  was 
necessitated  by  this  information,  was  entrusted  to  Dr.  R.  W.  Ells,  the 
results  of  whose  investigations  appear  in  the  Annual  reports  of  the 
ye -re  1886,  1887  and  1894,  and  in  the  maps  which  accompany  them. 

In  these  maps  the  crystalline  belts  of  Sutton  and  Stoke  mountains 
are  represented  as  Pre-Cambrian  in  age,  and  an  area  along  the  Inter- 
national Boundary  Line  is  included  in  the  same  horizon.  The  sediments 
intervening  are  assigned  to  the  Cambrian  and  Cambro-Silurian  with 
the  exception  of  some  very  minor  areas  which,  as  has  been  said,  were 
found  to  have  been  occupied  with  remnants  of  Devonian  and  possibly 
of  Silurian  measures.  The  serpentines  are  included  with  the  igneous 
rocks  and  the  occurrences  of  *  basic  eruptives  '  are  shown  to  be  more 
numerous  than  appeared  in  the  earlier  maps.  The  great  body  of  the  Pre- 
Cambrian,  however,  remained  amongst  the  sedimentary  rocks. 

In  addition  to  the  accounts  of  these  investigations  a  few  independ- 
ent papers  have  been  published  on  this  region. 

In  1876  Sir  J.  Wm.  Dawson  discussed  the  mode  of  entombment  of 

certain  fossils,  referring  especially  to  localities  in  the  Eastern  townships. 

Some  of  the  occurrences  of  fossils  thus  mentioned  are  of  essential 

importance  to  this  investigation. 
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In  1879  Dr.  T.  Sterry  Hunt  in  the  American  Geologist  discussed  the 
structure  of  the  region  under  the  title  *  The  Quebec  Group  in  Geology.' 

In  1882  in  an  address  before  the  Royal  Society  of  Canada  Dr.  A. 
R.  C.  Selwyn  first  outline  1  his  views  of  the  structure  and  general 
lithology  of  the  Quebec  Group.    (Trans.  Roy.  Soc.  Can.,  1882). 

In  1902  the  present  writer  showed  that  important  parts  of  the  Pre- 
Cambrian  are  composed  of  volcanic  rocks  which  by  their  extreme 
alteration  had  been  previously  mistaken  for  sediments.  Their  relation 
to  other  occurrences  of  similar  rocks  in  the  Appalachian  was  suggested, 
and  their  place  in  the  series  described  by  the  late  G.  H.  Williams  was 
pointed  out.* 


5. 

(a.)  Copper  Bearing  Volcanics. — (Pre-Cambrian.) 

The  physiographic  structure  of  the  Eastern  townships,  it  has  been 
said,  depends  on  three  ridges  of  Pre-Cambrian  rock,  which  are  in  the 
form  of  rather  narrow  belts  about  twenty-five  miles  apart,  running  paral- 
lel to  the  axes  of  the  Appalachian  mountains.  These  ridges  which  rise 
above  the  intervening  sediments  and  later  intrusives  are  the  crests  of 
once  buried  mountain  ranges,  now  partially  uncovered.  Outlying 
remnants  of  sedimentary  rock  are  still  quite  frequently  found  within 
these  belts. 

One  of  the  belts  appears  for  only  a  relatively  short  distance  along 
the  boundary  line  between  the  province  of  Quebec  and  the  State  of 
Maine.  It  occurs  in  the  townships  of  Emberton,  Chesham,  Clinton, 
Woburn,  Ditchfield  and  Spalding.  From  its  proximity  to  the  lake  of 
that  name  it  may  be  designated  the  Lake  Megan  tic  area. 

The  second  crosses  the  St,  Francis  river  between  the  city  of  Sher- 
brooke  and  the  village  of  Lennoxville,  and  is  commonly  referred  to  as 
the  Ascot  or  Stoke  Mountain  belt.  It  may  be  traced  from  the  foot  of 
Owls  Head  mountain  and  Lake  Memphramagog  through  parts  of  the 
townships  of  Stanstead,  Hatley,  Ascot,  Ascot  Corner,  Stoke,  Duds- 
well,  Weedon  and  Stratford.  The  similar  rock  at  the  Gilbert  River  gold 
mines,  in  the  seigniory  of  De  Lery,  on  the  east  side  of  the  Chaudiere 
river,  undoubtedly  belongs  to  this  belt 

*  Transactions  of  the  Canadian  Mining  Ins",  ute,  Montreal,  March  2,  1902* 
Ameiioan  Journal  of  Scifnee,  July,  1U02. 
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The  third  of  these  belts,  which  crosses  the  St.  Francis  river  near 
the  town  of  Richmond  twenty-five  miles  northwest  of  the  last,  is  gen- 
erally known  as  the  Sutton  Mountain  belt.  This  is  the  largest  and 
longest  of  th*  three  as  far  as  is  at  present  known.  While  the  Stoke 
belt  is  nowhere  more  than  five  miles  in  width,  that  of  Sutton  is  quite 
twenty  miles  wide  at  the  Vermont  boundary  line.  It  has  a  consider- 
able development  in  the  counties  of  Brome,  ShelFord,  Richmond, 
Wolfe,  Arthabaska,  Megantic,  Beauce,  Dorchester,  and  probably  ex- 
tends also  into  Bellechasse  and  Montmagny,  that  is,  to  a  point  at  least 
one  hundred  and  forty  miles  from  the  boundary  of  the  State  of  Ver- 
mont. 

The  rocks  of  the  Sutton  Mountain  area  were  described  by  Logan, 
('  Geology  of  Canada,'  p.  246,)  as 4  chloritic  micaceous  and  epidotic  rocks. 
Towards  the  province  line,'  he  continues,  '  these  are  of  a  slaty  charac- 
ter and  various  shades  of  colour,  from  dark  bluish-green  or  blackish- 
green  to  ash-grey.  The  green  bands  are  more  abundant  than  the  grey, 
and  both  have  occasionally  a  talcoid  lustre.  The  grey  bands  appear 
to  derive  their  colour  from  a  large  amount  of  very  fine  grains  of 
quartz  which  are  uniformly  mixed  with  chlorite.  These  beds  often 
contain  certain  nodules  of  white  granular  quartz,  and  crystalline 
pistachio-green  epidote  sometimes  several  inches  in  diameter,  and  fre- 
quently elongated  in  parallel  directions.  The  two  minerals  are  often 
in  separate  nodules,  but  a*  often  are  intermixed ;  in  the  latter  case 
the  epidote  is  generally  within  the  quartz.  In  the  grey  bands  fine 
blackish-green  lines  of  chlorite  often  run  parallel  to  one  another,  but 
these  are  contorted  by  the  nodules  of  quartz  and  epidote,  with  which 
orthoclase  feldspar  is  sometimes  associated.  4  Radiated  actinolite 
often  occurs  in  the  rocks,  together  with  asbestus  in  short  parallel  veins 
which  are  found  cutting  the  epidote  in  the  direction  in  which  the 
nodules  are  elongated,  and  occasionally  between  the  layers  of  slate. 
Crystals  of  specular  and  magnetic  oxide  of  iron  are  abundant  in  the 
chloritic  and  epidotic  bands,  the  magnetic  species  being  more  frequent 
where  the  chloritic  prevails.' 

'  Near  the  St  Francis  nodules  of  an  epidotic  character  are  richly  dis- 
seminated through  the  chief  part  of  these  chloritic  strata,  some  of  the 
nodules  being  six,  eight  and  even  ten  inches  in  diameter.  Some  of 
the  bands  hold  small  portions  of  finely  granular  quartz  which  occasion- 
ally swell  into  beds  of  white  quartzite  of  some  imj»ortance,  while  many 
of  the  strata  assume  the  aspect  of  fine  quartzose  conglomerates,  or 
coarse  sandstones  with  a  chloritic  base." 
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Regarding  the  rocks  of  the  Stoke  belt,  Logan  writes  (Geology  of 
Canada,  p.  252),  "  The  rooks  of  this  group  here  at  the  base  of  Owls 
Head  mountain,  branching  off  from  a  range  of  hills  which  come  up 
from  Vermont  into  Canada,  take  a  northeasterly  direction,  and  cross- 
ing Memphraraagog  lake  run  from  the  township  of  Stanstead  through 
Stoke  to  Weedon,  and  constitute  the  Stoke  mountains,  which  are 
bounded  on  each  side  by  more  recent  strata  just  mentioned.  The 
average  breadth  occupied  by  the  Quebec  group  in  these  hills  seldom 
exceeds  two  or  three  miles,  except  in  Ascot  and  Stoke.  On  the  St. 
Francis,  in  the  former  township,  through  the  influence  of  these  un- 
dulations, the  Quebec  rocks  have  a  transverse  measure  of  seven  miles 
extending  from  the  vicinity  of  Lennoxville  to  the  northwest  corner  of 
the  township,  and  in  Stoke  they  present  two  parallel  ranges  included 
in  a  breadth  of  about  five  miles." 

"  In  this  range  of  hills  the  strata  consist  chiefly  of  chloritic  rocks  in 
harder  and  softer  bands,  the  softer  and  more  schistose  constituting 
chlorite  slates,  while  the  harder  may  be  termed  chloritic  sandstones. 
With  these  are  associated  micaceous  and  nacreous  slates  often  present- 
ing a  very  quartzose  character,  and  thin  layers  of  agalmatolite  of  a 
somewhat  fibrous  texture  are  sometimes  met  with.  Some  of  the 
micaceous  and  nacreous  slates  are  very  fine  grained,  and  on  the  south 
side  of  the  range  afford  excellent  whetstones,  and  hones.  Many  of 
the  whetstone  beds  appear  to  be  micaceous  slates  passing  into  argillite. 
Some  bands  of  the  slate  are  studded  with  chloritoid,  and  in  Sher- 
brooke  they  enclose  a  bed  of  blood-red  jasper,  passing  into  a  siliceous, 
red  hematite,  and  another  of  a  somewhat  siliceous  conglomerate." 

"  In  the  same  neighbourhood  the  nacreous  slates  are  marked  by 
the  occurrence  of  copper  pyrites,  containing  a  little  gold  and  silver,  in 
a  gangue  of  white  quartz  running  with  the  stratification.  The  chlor- 
itic slates  are  often  marked  by  iron  and  copper  pyrites;  and  on 
Haskell  hill,  on  lot  8  of  range  VIII  of  Ascot,  a  band  of  slate  five  feet 
wide  holds  such  a  quantity  of  copper  ore  as  to  give  promise  of  a  pro- 
fitable mine." 

Selwyn  pointed  out  that  slates  might  be  volcanic,  as  well  as  sedimen- 
tary, but  subsequent  report*  added  nothing  to  the  lithologic  descrip- 
tion of  these  rocks. 

The  rocks  of  these  belts  consist  of  two  parts,  one  of  which  is 
stratified,  and  the  other  unstratified.  The  latter  is  a  volcanic  rock, 
finely  crystalline,  and  of  both  acid  and  basic  phases.    Quartz  porphyry 
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and  andesite,  or  diabase,  would  originally  havo  been  the  extreme 
types.  Some  of  basic  phases  are  altered  to  serpentine,  and  all  have 
been  highly  metamorphosed.  It  is  only  by  very  detailed  field  study, 
together  with  microscopic  examination,  that  the  volcanic  character  of 
some  of  these  rocks  has  been  ascertained. 

Associated  with  these  are  stratified  rocks  of  similar  material,  but 
which  have  an  original  clastic  structure.  Part  contains  bands  of 
nearly  pure  chlorite,  abundant  quartz  veins,  and  much  iron  ore. 
These  are  thought  to  be  stratified  tuffs,  while  other  rocks,  generally 
more  siliceous,  as  chloritic  sandstones  and  graywackes,  are  probably 
true  sediments. 

Although  highly  altered  the  volcanics  of  this  series  still  show 
their  original  characters  in  localities  in  which  the  deformation 
has  been  least.  The  acid  phase  of  the  rock  is  largely  a  quartz 
porphyry.  A  specimen  from  the  hanging  wall  of  the  Silver  Star  mine  at 
Suffield  is  light  grey  in  colour,  and  on  the  weathered  surface  the  quartz 
phenocrysts  are  quite  conspicuous.  Owing  to  the  bleaching  of  the  base 
the  rock  has  commonly  been  mistaken  for  quartzite,  or  a  species  of  sand- 
stone. The  following  is  an  analysis  by  Mr.  M.  F.  Connor,  B.  A.  Sc., 
Geological  Survey  of  Canada,  of  a  specimen  of  the  essentially  similar 
rock  from  the  quarry  at  Sherbrooke,  which  furnishes  road  metal  for 
the  streets  of  that  city: 

Analt/$i». 

SiO,     ,   70.37 

TiO,   ...  -17 

Al,Os   11.27 

FetOs  SO 

FeO   2.68 

MgfO   2.03 

CaO   ...  2.31 

Na,  O   2.63 

KtO...   1.86 

CO,   3.00 

H,  O   1.96 

09.58 

In  the  thin  section  it  is  found  to  be  a  porphyritic  rock  with  a  finely 
crystalline  base,  which  contains  phenocrysts  of  quartz  and  feldspai . 
The  latter  are  both  orthoclase,  and  plagioclase,  the  orthoclase  being 
more  abundant 

Small  rod-like  bodies  of  colourless  mica  are  present  in  the  rock,  as 
well  as  irregular  areas  of  a  rhombohedral  carbonate  which  is  apparent- 
ly dolomite. 
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Near  Lennox ville,  on  the  line  of  the  Canadian  Pacific  railway,  the 
rock  becomes  a  granite  porphyry,  differing  from  the  rock  just  describ- 
ed chiefly  in  the  more  advanced  character  of  its  crystallization.  Far- 
ther eastward,  where  this  belt  is  somewhat  wider,  the  central  portion 
becomes  still  more  coarsely  crystalline,  and  passes  from  quartz  porphyry 
at  the  margin  to  granite  porphyry,  and  finally  to  a  porphyritic  granite 
towards  the  interior.  The  latter  is  the  rock  of  Bald  peak,  and  of  other 
principal  hills  of  the  central  portion  of  the  Stoke  Mountain  area,  as 
well  as  a  part  of  the  Pre-Cambrian  of  Weedon.  The  basic  portion 
is  less  well  preserved,  and  its  original  character  cannot  be  so  precisely 
determined,  as  there  are  probably  no  original  bisilicates  now  present. 
The  decomposition  products  and  traces  of  the  original  structure  in- 
dicate that  the  rock  had,  in  some  cases  at  least,  the  character  of 
diabase,  while  in  others  it  was  probably  a  porphyrite  or  andesite,  rich 
in  ferromagnesian  constituents.  Areas  of  serpentine  which  pass  by 
sharp  transition  into  hornblende  porphyrite  are  occasionally  found 
within  the  district  occupied  by  this  rock.  While  the  alteration  to  ser- 
pentine seems  to  lie  complete,  no  part  of  the  original  rock  being  left, 
the  serpentine  has  a  somewhat  different  appearance  from  that  derived 
from  the  olivine-rich  rocks  of  the  larger  serpentine  areas  of  the  adjoin- 
ing district.  It  is  distinguished  by  the  'grating,'  or  'bar'  structure 
of  serpentine  derived  from  hornblende,  or  augite,  instead  of  the  '  mesh' 
forms  resulting  from  the  alteration  of  olivine.  Small  seams  of  asbestus 
occur  in  the  serpentine,  but  although  several  of  the  areas  have  been 
prospected,  no  important  deposit  of  that  mineral  seems  to  have  been 
found  in  them.  , 

The  acid  and  the  basic  phases  of  these  volcanics  are  not,  however,  pro- 
ducts of  separate  irruptions,  but  are  due  to  sharply  defined  magraatic 
differentiation.  This  is  well  shown  in  several  of  the  streams  that 
drain  the  southern  part  of  Stoke  mountain — notably  on  Rowe  brook. 
The  rocks  may  be  considered  as  products  of  a  single  flow,  or  of  one 
flow  for  each  belt.  In  the  Sutton  belt,  and  so  far  as  is  known  in  the 
Lake  Megnatic  area  also,  there  is  evidence  of  no  later  volcanic  action. 
In  the  Stoke  belt,  however,  later  dikes  occur  somewhat  frequently, 
but  they  are  chiefly  of  the  camptonite  and  diabase  classes  They  cut 
the  adjacent  Trenton  sediments,  and  so  belong  to  a  series  of  rocks  to 
be  described  later,  rather  than  to  those  of  the  present  class,  as  they 
are  not  of  Pre-Cambrian  age. 

The  Pre-Cambrian  volcanics  are  apparently  closely  related  to  those 
of  South  mountain,  Pennsylvania,  and  other  known  localities  to  the 
southward  and  form  a  link  of  the  more  westerly  of  the  two  chains  of 
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early  volcanic*  that  were  described  by  the  late  G.  H.  Williams  in  the 
1  Journal  of  Geology,'  Jan.,  Feb.,  1894  ;  (See  also  Ancient  Volcanic*  of 
South  Mountain,  by  F.  Bascom,  Bull.  U.S.G.S.,  No.  136). 

Possible  Pub-Cambrian  Sedimbxts.— Of  the  stratified  rocks  in  the 
metamorphic  belt  which  are  most  closely  associated  with  these  vol- 
canics,  the  extremely  chloritic  portions  are  probably  ancient  tuff  beds, 
or  at  least  are  composed  of  fragmcntal  volcanic  material,  and  so  are 
pyroclastic  rocks.  In  the  present  degree  of  alteration  they  do  not 
differ  essentially  from  certain  portions  of  basic  rocks  just  described. 
Besides  these  are  siliceous  rocks,  quartzites,  greywackes  and  chloritic 
sandstone?,  which  are  possibly  true  sediments.  With  these  are  fre- 
quent beds  of  dolomite,  the  origin  of  which  seems  a  matter  of  doubt. 
The  rock  is  frequently  found  resting  upon  a  basic  trap,  filling  pit  holes 
and  interstices  within  it,  and  enclosing  fragments  of  it.  In  other 
cases  the  rock  passes  by  a  rather  gradual  transition  into  a  quartzose  dolo- 
mite in  masses  of  considerable  oxtent.  At  the  Eustis  mine  the  portion 
of  the  country  rock  known  to  the  miners  as  the  *  green  rock  '  is  of  this 
type.  Even  in  the  thin  sections  small  areas  of  dolomite  appear  some- 
times enclosing  small  quartz  crystals  and  indicating  the  secondary 
nature  of  the  dolomite. 

Certain  of  the  micaceous  chloritic  slates  also  contain  sufficient  dolo- 
mite to  cause  a  slight  effervescence  by  hydrochloric  acid,  when  heated. 

Along  the  St.  Francis  river  the  Sutton  belt  is  some  seven  miles  in 
its  extreme  width  including  nearly  two  miles  of  recognized  Trenton 
measures  within  it.  A  detailed  study  shows  thevolcanics  at  the  base  with 
dolomite,  quartzite  and  grey  mica  schist,  in  ascending  order.  Within 
the  dolomite  are  certain  peculiar  inclusions  of  a  bluish  grey  limestone 
which  have  been  largely  crystallized  by  intense  regional  metamorph- 
ism.  One  of  these  inclusions,  however,  contains  fossil  evidence  of  its 
Calciferous-Chazy  age.  It  is,  therefor?,  demonstrated  that  in  this  part, 
at  least,  the  Sutton  Mountain  belt  contains  no  Pre-Cambrian  elastics. 

As  it  thus  seems  certain  that  the  Sutton  series  contains  no  Pre- 
Cambrian  elastics  in  the  vicinity  of  the  St.  Francis  river,  it  is  conse- 
quently possible,  if  not  probable,  that  all  the  clastic  rocks  of  this 
series  throughout  the  district  are,  as  in  this  section,  altered  memlxM-s 
of  the  Quelle  group. 

The  volcanics  are  the  oldest  rocks  in  this  region,  and  from  their 
lithologic  resemblance  to  the  Pre-Cambrian  rocks  of  Pennsylvania  and 
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other  parts  of  the  Appalachians,  they  are  thought  to  be  of  that  age. 
There  is  as  yet  no  direct  proof  of  this,  but  the  available  evidence  leaves 
little  room  for  doubt. 

The  overlying  sediments  are  always  much  altered.  In  some  cases 
the  alteration  would  seem  to  indicate  that  these  sediments  are  older 
than  the  comparatively  unaltered  rocks  of  the  basins  between  the 
metamorphic  ridges,  but  in  other  cases  they  can  be  traced  continu- 
ously to  rocks  of  undoubted  Cambro-Silurian  age.  While  the  different 
degrees  of  alteration  may  in  all  cases  be  due  to  differences  of  position, 
or  of  susceptibility  to  metamorphism  of  the  various  rocks,  it  is  not 
necessarily  the  case.  Accordingly  the  question  of  the  existence  of  Pre- 
Cambrian  sediments  in  the  Eastern  townships  must  yet  remain  an 
open  one. 

(6.)  Serpentines,  diabases,  etc. 

A  little  to  the  east  of  the  Sutton  ridge,  and  parallel  to  it,  there  is  a 
series  of  irregular  hills  which  are  intrusive  through  most  of  the  other 
rocks  of  the  region,  generally  Palteozoic  sediments.  They  occur 
notably  in  the  counties  of  Brome,  Sherbrooke,  Richmond,  Wolfe, 
Megantic,  and  probably  Dorchester,  and  are  likewise  known  to 
reappear  in  the  Gaspe  highlands.  Amongst  them  are  the  Bolton 
mountain,  Owls  Head,  Orford,  Ham  and  Adstock  mountains. 
The  rocks  composing  them  are  serpentines,  diabase,  gabbro-diorites 
with  frequent  or  smaller  masses  of  hornblende  granite,  and  occa- 
sionally much  smaller  bodies  of  porphyrite.  Of  these  rocks  the 
serpentine  seems  to  be  in  all  cases  the  oldest,  being  cut  by  intrusions 
of  the  other,  and  possibly  it  is  older  than  the  Palteozoic  sediments.  The 
diabases  and  gabbro-diorites  which  are  phases  of  the  same  magma  form 
the  greater  part  of  all  these  hills.  They  are  later  in  age  than  the  serpent- 
ines through  which  they  are  commonly  intrusive.  The  hornblende 
granite  in  some  instances  is  distinctly  intruded  through  the  serpentines, 
but  in  one  case  at  least,  the  Big  Ham  mountain,  it  seems  unmistakeably 
to  have  been  differentiated  from  the  parent  magma  of  that  rock  in  situ. 

The  porphyrite  is  of  limited  occurrence;  at  Shipton  Pinnacle,  where 
it  is  best  seen,  it  seems  to  cut  the  serpentine.  It  generally  occurs  as  the 
matrix  of  a  band  of  breccia,  seldom  exceeding  300  yards  in  width,  that 
is  frequently  found  along  the  southern  edge  of  the  serpentine  belt. 
As  far  as  it  has  been  studied  it  seems  to  be  a  quart dess  porphyrite 
containing  a  little  hornblende  as  the  only  ferro-magnesian  constituent. 

Mount  Or'ord  (2860  feet)  is  the  best  known,  as  well  as  the  largest,  of 
the  gabbro-diorite  and  diabase  hills.     It  has  an  area  of  not  less  than 
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twenty  square  miles  and  an  average  height  above  the  surrounding 
country  of  one  thousand  feet.  It  comprises  two  main  divisions  which 
give  the  following  cross  section  measured  westward  along  the  line  of 
the  Canadian  Pacific  railway  near  Miletta  :  diabase  or  gabbrodiorite, 
7837  feet,  greywacke^  165  ft.,  serpentine  677  feet,  sandstone  82  feet, 
serpentine  1567  feet.  This  section  is  bounded  by  sedimentary  rocks 
on  either  side.  The  rock  of  the  first  and  greater  mass  is  a  uniform 
green  colour,  and  shows  grey  grains  on  a  freshly  broken  surface. 
Quartz  veins  are  common  and  the  joint  plane  and  seams  are  often 
studded  with  small  quartz  crystals.  Patches  of  epidote  sometimes  as 
much  as  a  foot  in  diameter  are  numerous.  The  texture  of  the  rock 
becomes  finer  towards  the  outer  edge,  and  also  towards  the  top  of  the 
mountain,  where  the  cooling  of  the  igneous  mass  has  taken  place  more 
rapidly.  In  the  thin  section,  this  rock,  which  is  exceedingly  altered, 
shows  plagioclase  feldspar  with  aggregates  of  pyroxenic  decomposition 
products,  whose  relation  to  one  another  indicates  that  the  rock  has  had 
the  structure  of  a  diabase.  In  the  coarser  rocks  of  the  central  part  of 
the  mountain  the  mineral  olivine  appears.  The  rock  has  the  mineral 
composition  of  diorite,  but  the  hornblende  is  secondary  and  the  rock 
therefore  becomes  a  gabbro-diorite.  The  two  rocks  are  apparently 
differentiation  products  of  a  single  volcanic  output.* 


Analyses  by  Hunt  (Rep.  Geo.  Sur.  Can.,  1853)  show  the  composi- 
tion of  the  altered  gabbro-diorite  and  diabase  mass,  under  the  head  of 
diorites,  to  be  as  follows: — 
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Owls  Head  (2,465  feet)  is  situated  on  the  west  side  of  Lake  Mem- 
phramagog,  sixteen  miles  south  of  Mount  Orford,  which  stands  at 

*.T.  A.  Dre*»er.  American  licologist,  January,  1901. 
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the  northern  end  of  the  same  lake.  The  level  of  this  lake  is  about 
six  hundred  and  eighty-two  feet  above  the  sea. 

The  rock  at  the  eastern  base  along  the  lake  shore  is  a  common  basic 
phase  of  the  Prc-Cambrian  volcanics.  On  the  west  side  the  adja- 
cent rocks  are  sedimentary.  Between  theso  the  mass  of  the  mountain 
has  been  intruded.  It  consists,  as  far  as  yet  known,  of  extremely 
altered  diabase  which  was  first  determined  by  Dr.  Adams. 

Sugar  Loaf,  the  name  by  which  a  continuation  of  the  Owls  Head 
mass  towards  Orford  is  generally  known,  has  been  also  shown  by  Dr. 
Adams  to  be  similar  in  composition.  (Kept.  Geol.  Sur.  Can,  1880-1-2, 
Part  A,  appended.) 

Besides  Orford,  Owls  Head  and  Sugar  Loaf,  there  are  several  hills 
along  this  line,  presumably  similar  in  character.  These  are  Hogs- 
back,  between  the  two  mountains  last  mentioned,  Hawk  and  Bear 
mountains  at  the  south  of  Owls  Head,  and  Carbuncle  and  other  hills 
at  the  north  of  Orford.  So  far  as  known  these  hills  are  similar  to 
Orford  and  Owls  Head  in  general  structure  as  well  as  in  the  char- 
acter of  the  rocks  composing  them.  Fifty  miles  to  the  northeast  from 
Orford,  Big  Ham  mountain  appears  as  the  next  prominent  point  along 
the  serpentine  belt,  although  that  belt  is  almost  continuous  through- 
out that  distance.  The  mountain  rises  fourteen  hundred  feet  above 
the  neighbouring  land,  or  twenty-four  hundred  feet  above  mean  sea 
level. 

This  mountain,  as  far  as  known,  is  a  mass  of  much  altered  diabase. 
Near  the  eastern  edge  of  the  summit  the  diabase  passes  into  a  rock 
intermediate  between  hornblende  granite  and  diorite,  which  may  be 
tentatively  classed  as  »  grano-diorite.  The  transition  is  a  rather  sharp 
one,  a  distance  of  only  a  few  yards  separating  typical  specimens  of 
the  two  rocks.  The  grano-diorite  seems  to  form  only  a  small  body, 
and  is  probably  the  residual  filling  of  the  neck  of  the  volcano  which 
gave  rise  to  the  mass  of  the  mountain. 

Moose  mountain,  in  the  township  of  Cranbourne,  beyond  the  north- 
eastern limit  of  this  map,  is  thought  to  belong  to  this  series,  although 
there  is  not  much  definite  evidence  concerning  it  yet  available.  A 
specimen  from  a  spur  of  the  mountain  in  the  township  of  Frampton  is 
a  porphyrite,  a  not  uncommon  marginal  phase  of  these  rocks,  and,  as 
Dr.  Ells  reports  the  mountain  to  be  intrusive  in  its  relation  to  the 
sediments  of  the  district,  it  may  apparently  be  safely  correlated  with 
the  diabase  series. 
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Rocks  very  similar  to  those  of  Orford  have  been  described  from 
Adstock  mountain,  and  also  from  the  township  of  Potton,  by  Dr.  F. 
D.  Adams  (op.  ext.)  Dr.  Adams  found  a  specimen  from  the  summit 
of  Adstock  to  be  a  diabase,  and  one  from  another  part  of  the  same 
moan  tain  to  be  a  diorite,  both  being  much  altered  rocks.  Concerning 
the  latter  he  writes  :  '  It  is  a  rather  coarsely  crystalline,  massive,  and 
of  a  greyish-green  colour,  and  is  composed  of  hornblende  and  plagio- 
clase.   The  hornblende  is  greeu,  or,  in  some  places,  brownish  in  colour, 

and  is  distinctly  plechroic  It  is  often  twinned.  Much  of 

the  hornblende  is  decomposed  to  chlorite.  In  many  cases  the  altera- 
tion appears  to  p<iss  through  an  intermediate  stage  in  which  the  horn- 
blende assumes  a  very  finely  fibrous  appearance.  The  fibres  are 
generally  approximately  parallel,  but  do  not  as  a  general  rule  extin- 
guish simultaneously.  Individual  fibres  can  often  be  seen  to  have  an 
extinction  inclined  at  a  small  angle  to  their  longer  axes.  Some  of 
these  fibrous  grains  show  a  distinct  biaxial  figure.  The  plagioclase  is 
dull  from  incipient  decomposition  but  generally  shows  well  defined 
polysynthetic  twins,  of  which  two  sets  are  frequently  present  crossing 
one  another.  Although  the  two  minerals  have  interfered  with  each 
other  in  crystallizing,  both  show  good  crystal  forms.  The  feldspar  is 
pet  haps  upon  the  whole  the  better  crystallized  of  the  two.  The 
fibrous  hornblende  is  found  everywhere  to  be  mixed  with  chlorite.' 

The  igneous  origin  of  the  serpentine  was  also  first  pointed  out  by 
Dr.  Adams  in  the  same  publication.  In  a  specimen  from  Melbourne 
the  rock  was  found  to  be  wholly  reduced  to  serpentine,  with  the 
exception  of  a  few  grains  of  bastite  or  other  mineral  derived  from 
rhombic  pyroxene.  In  specimens  from  townships  of  Ham  remnants 
of  the  primary  olivine  were  also  found. 

The  following  analyses  of  serpentine  of  the  Eastern  townships  are 
taken  from  the  Geology  of  Canada,  1863. 
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Hornblende  granite  also  occurs  within  this  belt  and  is  commonly 
intrusive  through  the  serpentina  In  other  parts  it  seems  to  form  an 
acid  portion  rather  sharply  differentiated  from  the  magma  of  the 
parent  rock  of  the  serpentine.  It  has  been  described  by  Dr.  Adams 
(op.  cit.)  as  composed  essentially  of  quartz,  orthoclase,  pUgioclase,  and 
hornblende,  with  a  little  titanic  ore.  It  is  also  noted  as  showing  a 
peculiar  alteration  of  the  hornblende.  Where  this  mineral  comes  in 
contact  with  the  quartz  it  displays  a  development  of  fibrous  forms 
terminating  in  tufts  of  fine  needles  running  into  the  quartz  opposed  to 
this  marginal  facies.  The  hornblende  displays  an  ordinary  even 
edge  when  in  contact  with  the  feldspar. 

Dikes  of  this  rock  cutting  the  serpentine  are  considered  by  miners 
to  be  indicative  of  the  occurrence  of  good  asbestus.  Whether 
the  fracturing  of  the  serpentine  accompanying  the  intrusion  of  the 
granite  has  in  any  way  furnished  lines  of  weakness  for  the  formation 
of  asbestus  veins  has  not  yet  been  established. 

Serpentine,  apparently  quite  different  in  origin,  occurs  at  several 
places  within  the  porphyry-andesite  belt  already  described.  Here, 
within  a  distance  of  ten  to  twenty  feet,  well  exposed  rock  may  t*>  trac- 
ed from  a  quartz  porphyrite  to  serpentine  carrying  narrow  veins  of 
asbestus.  Such  occurrences  are  found  in  the  townships  of  Ham  and 
Leeds,  and  several  other  places  within  the  volcanic  belt.  So  far  as  yet 
known  none  of  these  are  of  large  extent.  That  in  Leeds  is  probably 
half  a  mile  in  length.  The  importance  lies,  however,  in  showing  the 
range  of  magmatic  differentiation,  and  consequently  that  the  quartz- 
porphyry  and  serpentine  are  differentiates  of  a  single  original  magma 
As  these  are  the  extrcmos  of  chemical  composition  amongst  the  various 
rocks  of  the  region  the  probability  of  all  being  differentiation  products 
of  a  single  primary  magma  is  quite  apparent. 

(c.)  Granites. 

The  granites  of  the  Eastern  townships  occupy  six  principal 
nreas,  none  of  comparatively  great  extent.  They  form  the  granite 
masses  of  Stanstead,  Hereford  mountain,  Big  Megantic  mountain, 
Little  Megantic  mountain,  a  small  area  on  the  east  side  of  Lake  Mera- 
phreniagog,  and  another  near  Danville.  There  are  probably  numerous 
other  small  occurrences  in  this  district,  but  it  is  noticeable  that  all  of 
the  granites  lie  to  the  south  of  the  volcanics  of  the  Sutton  ridge. 

None  of  the  granite  bodies  have  as  yet  been  studied  in  detail,  but 
all  are  believed  to  be  intrusive  through  Lower  Silurian  sediments,  and 
are  thought  to  be  of  late  Devonian  age.    The  extensive  quarries  at 
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Stanstead  have  made  the  economic  importance  of  that  occurrence  well 
known  in  the  provinceof  Quebec,  where  Stanstead  granite  is  largely  used 
for  structural  purposes.  A  specimen  of  this  granite  has  been  described  by 
Dr.  F.  D.  Adams,  *  and  shown  to  consist  essentially  of  orthoclase, 
quartz,  and  biotite,  with  accessory  amounts  of  microclino  and  plagio- 
clase,  and  secondary  muscovite  and  epidote. 

Of  Hereford  mountain  nothing  definite  is  known,  save  that  its  prox- 
imity to  Stanstead  and  the  generally  similar  appearance  of  the  rock  in 
the  hand  specimen  suggest  its  close  relation  to  that  body.  Its  contact 
with  the  sediments  is  undoubtedly  intrusive. 

Even  less  is  known  of  the  Big,  and  the  Little  Megantic  mountains. 
The  material  in  the  talus  slopes  of  the  former  is  a  very  acid  granite. 

The  granite  from  Scotstown  contains  pyroxene,  in  addition  to  bio- 
tite and  muscovite,  as  ferro-magncsian  constituents. 

The  granite  near  Lake  Memphremagog  is  also  of  the  type  of  that 
of  Stanstead. 

Near  Danville  there  is  a  small  body  of  granite  whose  relation  to 
the  surrounding  rocks  has  not  been  ascertained,  nor  has  it  received 
any  detailed  study.  Biotite  is  the  only  dark  constituent  that  is  notic- 
eable in  the  hand  specimen.  It  is  mentioned  in  the  geology  of  Canada, 
(page  811),  that  it  furnished  part  of  the  material  for  the  Grand  Trunk 
Railway  bridge  which  crosses  the  Nicolet  river  in  the  vicinity. 

The  granite  from  the  quarries  at  Stanstead  shows  an  incipient  cata- 
clnstic  structure  in  the  microscopic  section,  and  in  the  mass,  a  some- 
what distinct  foliation,  known  by  the  quarrymen  as  the  4  rift.'  This 
structure  is  apparently  due  to  dynamic  metamorphisra,  and  shows  the 
granites  to  have  shared  in  the  folding  of  the  Appalachian  uplift,  and 
consequently  to  have  been  intruded  before  that  movement  had  entirely 
ceased.  As  dikes  of  adjacent  granite  masses  cut  Devonian  (Lower 
Helderberg)  strata  on  the  shore  of  Lake  Metnphramagog,  these  intru- 
sive* are  thought  to  be  of  late  Devonian  age. 

(d.)  Later  Dikes. 
A  series  of  dikes  of  much  later  age  than  any  of  the  rocks  hitherto 
described  is  widely  distributed  throughout  the  region.  They  are 
comparatively  fresh  in  composition  and  little  disturbed  in  position. 
Camptonite,  diabase  and  bostonite  are  the  chief  rock  types  repre- 
sented amongst  them. 

*  "Description  of  a  SWie*  of  Thin  Section**  of  Typical  R<xks«,'"  by  FrRiik  D. 
Adanw.  Ph.  DM  F.(J„  Montreal.  1896. 
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A  camptonite*  at  Richmond  was  found  by  the  writer  to  consist  of 
hornblende  and  plagioclase  with  magnetite  and  apatite.  A  little 
leuooxene  and  small  aggregates  of  chlorite,  serpentine  and  calcite  indi- 
cate that  some  degree  of  decomposition  has  already  begun  in  the 
rock. 

The  hornblende  is  brown  in  colour,  and  shows  the  extinction  angle, 
to  be  as  high  as  17°. 

This  dike,  which  is  about  three  feet  wide,  cuts  lower  Trenton  lime- 
stone which  has  b?en  greatly  folded  and  distorted  prior  to  the  injec- 
tion of  the  dike.  One  or  two  smaller  dikes  occur  in  the  vicinity  and 
a  small  hill  nearby  is  thought  to  be  underlain  by  the  same  igneous  rock. 

In  the  vicinity  of  Sherbrooke,  twenty-five  miles  south  of  this 
locality,  dikes  are  known  to  occur  in  several  localities. 

Near  the  line  of  the  Canadian  Pacific  railway,  in  the  northern 
outskirts  of  the  village  of  Lennoxville,  there  is  a  camptonite  very 
similar  to  the  above. 

It  cuts  both  Pre-Cambrian  volcanics  and  sedimentary  slates  of 
Trenton  age. 

At  the  Howard  mine,  Ascot,  a  dike  of  olivine  diabase  cuts  Pre- 
Cambrian  eruptives. 

In  a  paper  entitled  '  Camptonites  and  other  Intrusives  about  Lake 
Memphramagog '  (Amer.  Geo.,  July,  lt*95),  Mr.  V.  F.  Masters  dis- 
cusses a  large  number  of  dikes  in  Lake  Memphramagog  basin,  distin- 
guishing the  granites,  «fec.,  connected  with  tho  intrusions  off  McGoon 
point  already  mentioned,  from  camptonites  and  allied  dike  rocks. 

Between  Roxton  in  the  county  of  Shefford,  and  St.  Nicholas  in  the 
county  of  Ix>tbiniere,  a  distance  of  more  than  one  hundred  miles,  there 
are  several  occurrences  of  intrusive  rock  in  lower  Palaeozoic  strata. 
It  is  little  known  except  in  connexion  with  copper  deposits  in  the 
region,  which  it  seems  invariably  to  accompany.  It  is  found  at  Rox- 
ton, Acton,  Upton,  Durham,  Wickham,  Drummondville,  Nelson,  St. 
Flavien,  St.  Apollinaire  and  St.  Nicholas,  and  seems  to  form  a  series 
of  dikes  in  a  comparatively  narrow  belt  throughout  this  distance.  The 
dikes  vary  in  width  from  a  few  inches  to  a  thousand  feet  or  even  more, 
and  run  parallel  to  the  length  of  the  belt  in  which  they  occur,  i.e.  in 
a  northeast-  southwesterly  direction. 

*  A  hornblende,  latuprophyre  dike  at  Richmond,  P.Q  ,  J.  A.  Dresser,  Can.  Rec. 
Sec,  Jan.,  1001. 


COPPER  DEPOSITS 


33 


At  Roxton  there  is  a  light  coloured  intrusive  of  the  trachyte  cl 
but  in  most  of  these  occurrences  the  volcanics  are  diabase,  and  are 
commonly  amygdaloidal. 

The  largest  exposures  are  at  St,  Flavien,  Nelson  and  Drummond- 
ville. At  St.  Flavien  the  intrusion  is  nearly  a  quarter  of  a  mile  wide 
and  appears  to  be  a  wide  dike,  extending  for  a  distance  of  about  a 
mile  through  the  country.  Similar  rock  appears  at  St  Apollinaire, 
seven  miles  distant. 

# 

These  are  the  principal  rock  exposures.  It  is  a  level  district  cov- 
ered with  a  heavy  mantle  of  drift.  The  rook  is  amygdaloidal  in  many 
parts,  the  amygydules  being  most  commonly  filled  with  ealcite  ;  some 
times  epidote  and  chlorite  or  quartz  form  the  filling  material.  Copper 
frequently  occurrs  in  this  rook,  and  also  at  Roxton,  Nelson  and  Wend- 
over,  near  Drummondville.  In  other  places,  as  at  Acton,  Upton  and 
Wickham,  the  copper  occurs  in  the  extomorpbic  contact  zone  of  the 
enclosing  rock.  The  exposure  at  Nelson  is  smaller  than  that  at  St. 
Flavien,  while  that  at  Drummondville  is  apparently  quite  as  large  as 
the  latter. 

It  is  thus  described  by  Logan,  (Geo.  of  Can.  1863,  p.  243,).  "  The 
greenish  sandstones  on  the  St.  Francis  are  intersected  by  several  dikes 
of  diorite,  the  courses  of  which  are  in  a  general  way  down  stream. 
The  rock  of  the  fall  at  Drummondville  appears  also  to  be  a  diorite  and 
is  of  a  grey  or  greenish  colour  ;  it  proliably  belongs  to  the  stratification 
and  is  not  known  to  have  any  connexion  with  the  dikes.  It  has  a 
breath  of  about  half  a  mile,  and  some  parts  are  porphyritic  from  the 
presence  of  small  crystals  of  light,  greenish  feldspar  while  others  are 
a/nygdaloidal,  holding  small  portions  of  a  light  and  calc  spar  and 
occasional  nodules  of  agate.  Much  of  it  bears  the  aspect  of  breccia,  in 
which  fragments  of  the  diorite  are  held  together  by  a  close  grained 
but  highly  crystalline  calcareous  cement,  approaching  in  colour  the 
general  maps  of  the  rock.  The  rock  bears  a  resemblance  to  that  of 
St.  Flavien,  of  which  it  may  be  a  continuation,  and  like  it  highly 
cupriferous.' 

So  far  as  yet  examined,  some  half  dozen  specimens,  the  diorite  of 

the  above  description  proves  to  be  a  fine  grained  diabase.    The  diabase 

forms  two  bands  crossing  the  St.  Francis  river  here — one  having  a 

width  of  a  quarter  of  a  mile  and  the  other  of  about  fifty  feet.  The 

distance  between  them  is  rather  more  than  a  quarter  of  a  mile 

and  is  occupied  by    very  dark   graphite  limestone  and  greenish 
9144—3 
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grey  sedimentary  slates.  What  appears  to  be  de vitrified  glass 
wan  found  along  the  contact  of  the  diabase  and  the  latter 
rock.  These  rocks  have  been  here  mentioned  under  the  head  of 
'  Later  Dikes,'  because  of  their  lithological  similarity  to  known  dikes, 
and  the  absence  as  yet  of  satisfactory  proof  that  they  are  not  them- 
selves also  of  that  class.  This  entire  series  offers  an  excellent  field  for 
an  interesting  and  important  detailed  investigation. 

♦ 

6.  Prtrographical  Province  op  the  Montereoia*  hills. 

This  name,  which  has  now  gained  general  currency  in  geological 
nomenclature,  was  proposed  by  Dr.  F.  D.  Adams,  in  1903,*  to  designate 
a  series  of  volcanic  hills  which  crosses  the  St  Lawrence  valley  in  the 
southwestern  part  of  the  Province  of  Quebec  These  hills,  which  are 
eight  in  number,  are  of  volcanic  origin,  either  stocks  or  laocolites  ;  they 
owe  their  present  relief  to  differential  erosion,  and  consequently  are 
hills  of  the  butte  type. 

Six  of  the  eight  bills  form  a  nearly  east  and  west  line,  standing 
about  ten  miles  apart  In  order  from  west  to  east  they  are  Mount 
Royal,  at  the  foot  of  which  stands  the  city  of  Montreal  (Mont  Royal), 
Montarville  or  St  Bruno,  BelceilorSt  Hilaire,  Rougemont,  Yamaska 
and  Sheffbrd.  The  remaining  stand  at  the  south  of  this  line,  Brome 
being  two  and  a  half  miles  from  Shefford,  and  Mount  Johnson,  six 
miles  from  Rougemont 

The  lithological  characters  of  these  hills  are  such  as  to  show  them 
to  be  a  distinct  petrographical  province,  and  to  bear  little,  if  any, 
relation  to  the  rocks  hitherto  described  in  this  article.  Jn  every  hill 
there  is  a  large  development  of  essexite,  which  frequently  passes  into 
theralitc,  and  in  every  one  which  has  been  studied  in  detail,  an  alkali- 
syenite  such  as  nordmarkite,  pulaskite,  or  nepheline-syenite.  A  list  of 
the  analyses  thus  far  made  from  these  rocks  may  serve  to  indicate 
their  general  character. 


•  Journal  of  Geology,  vol.  xi.,  No.  3,  'The  Monteregijin  kill*,  a  Canadian 
JVtrofftaphical  Province.' 
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Chemical  analyses  of  type  kocks  from  the  Montkkkgian  Hills. 


Si  0. . . . 
Al,  6.... 
Fe.O, ... 
FeO.  ... 
MgO... 

CaO  

Nas  O.  .. 
K,0... 
FeO,  ... 

CI  

H,  O.  .. 


I 

II 

iff 

III 

IV 

V 

VI 

VII 

VIII 

IX 

48  69 

48  8i» 

53  16 

44  00 

65  43 

6177 

57  44 

59  96 

55  08 

17  91 

19  38 

17  64 

27  73 

16  9C 

18  05 

19  43 

19  12 

20  39 

3  09 

4  29 

3  10 

2  86 

1  55 

1  77 

1  69 

18. 

2  10 

6  41 

4  94 

o  yo 

1  53 

1  75 

2  s0 

173 

1  -9.J 

3  06 

2  00 

2-94 

230 

1-36 

1-64 

1  16 

65 

80 

7'30|  798 

5-66 

94 

22 

89 

2  06 

2  24 

1  92 

5  96;   5  44 

5  00 

2  a 

5  95 

6  83 

0  48 

6  98 

9  18 

2  56 

1  91 

3  10 

•4t 

5  36 

5  21 

4  28 

4  91 

5  31 

2  71 

2  47 

1  52 

190 

16 

74 

1  97 

66 

•on 

1  11 

123 

65 

20 

02 

15 

60 

14 

06 

15 

19 

46 

08 

40 

08 

25 

49 

31 

07 

04 

95 

68 

1  10 

80 

82 

110 

1  03 

1  10 

1-50 

99  36 

100  02 

99  84 

100  01 

99  78 

99  97 

99  <W» 

1C0  17 

99  83 

I.  Emexitv  (BmexuBe)  Mt  Johnson. 
II.       ••      (Andoeo)  it 

III.  (Akcrose)  Shefford. 

IV.  m      (Hcshosc)  Brume. 

V.  Noi*Iinarkite(Norduv«rko8e)  Stafford 


VI.  Nordinarkite{NordinarkoBc)Broui«- 
VII.  Pulaakit«(LAurviko8»*)Mt.Johnflon 
VIII.        >•  ..  Sheffonl. 

IX.  Tinguaite(Laurdalow)  Brome. 


A  better  knowledge  of  the  igneous  rocks  of  the  Eastern  townships, 
especially  of  the  granites  and  diabases,  is  necessary  before  their  gene- 
tic relations  can  be  satisfactorily  discussed.  Yet  certain  general 
relations  may  now  be  deduced,  and  these  conclusions,  it  is  hoped,  may 
be  amplified  and  more  precisely  applied  at  some  later  time  when  all 
the  rocks  in  question  have  become  better  known. 

In  general  terms  it  may  be  said  that  those  rocks  of  a  definite  dis- 
trict belong  to  the  same  province,  (Dr.  H.  8.  Washington,  Journal  of 
Geology,  Vol.  VI  and  VII,  "  Petrographic  Province  of  Essex  county, 
Mass."),  whose  phases  in  their  nearest  approach  to  one  another  do  not 
differ  more  widely  than  the  various  differentiates  of  any  single  mass. 
Thus  the  porphyry-andesite  series  differs  in  its  acid  phase  from  the 
granites,  as  far  as  the  latter  are  known,  chiefly  in  degree  of  crystal- 
lization, not  in  composition.  The  more  basic  phase  of  the  old  vol- 
canics,  as  has  been  shown,  passes  by  differentiation  in  situ  into  a 
rock  which  has  altered  into  serpentine.  Hence  the  oldest  group  seems  to 
form  a  connecting  link  between  the  granites  on  one  hand  and  the  dia- 
bases, serpentines,  etc.,  on  the  other,  and,  accordingly,  these  three 
groups  form  part  of  a  single  petrographic  province  according  to  the 
definition  quoted  above.    The  Monteregian  rocks  appear  more  distinct 
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throughout  the  quite  extensive  range  of  variation  within  themselves. 
The  individual  hills  differ  from  one  another  in  a  comparatively  small 
degree.  Also  their  distinctive  characteristics  are  not  yet  found  in 
any  measure  in  the  other  groups  of  rocks  mentioned.  Should  a 
detailed  study  of  the  granites  show  that  within  them  are  differen- 
tiated portions  of  more  basic  rocks,  as,  for  example,  should  nepheline 
syenite  be  found  in  association  with  them,  as  it  has  been  found  in 
some  cases  in  the  Hastings  district  by  Drs.  Adams  and  Barlow, 
they  would  then  appear  as  an  acid  extreme  toward  the  east  of  the 
Monteregian  series.  But  this  has  not  been  done,  nor  is  there  at  pre- 
sent any  valid  reason  for  expecting  such  phenomena  to  be  found. 
While  the  Monteregians  appear  at  regular  intervals  at  upwards  of  ten 
miles  across  the  plain,  no  rocks  of  consanguineous  types  have  been 
found  to  the  east  of  Shefibrd  mountain,  although  a  careful  examina 
tion  has  been  made  in  that  direction  throughout  the  district  wherever 
igneous  rocks  are  known  to  occur.  In  the  later  dikes  an  indication  of 
rocks  of  the  Monteregian  type  exists.  Though  it  is  conceivable  that 
almost  any  rock  might  be  differentiated  in  small  amounts  from  almost 
any  magma,  it  is  the  most  common  relationship  to  find  camptonite  and 
bostonite  types  differentiated  from  highly  alkaline  magmas  such  as 
that  of  the  Monteregian  rocks.  But  the  wide  distribution  of  these 
dikes  and  their  relatively  small  amount  make  them  less  important 
factors  in  considering  the  limits  of  the  petrographic  provinces.  Thus 
while  camptonites  and  bostonites  may  occur  in  many  places  to  the  east 
of  the  Sutton  Mountain  anticline,  and  diabase  far  to  the  west  of  it,  as 
at  Drummondville  or  St.  Flavien,  they  rather  illustrate  what  Prof. 
Pirrson,  (Am.  Jour.  See.,  July,  1905),  has  recently  called  the  "pro- 
gression of  rock  types,"  than  the  extension  of  the  boundary  of  either 
of  the  two  distinct  groups  of  rocks  mentioned.  It  would,  therefore, 
seem  that  the  rocks  of  the  Monteregian  hills  differ  from  the  other 
rocks  described  in  this  article  more  widely  than  any  of  these  from  one 
another,  that  is,  that  the  difference  is  a  generic  rather  than  a  specific 
one.  Hence  the  relation  could  be  best  defined  as  that  of  two  con- 
tiguous provinces  rather  than  as  parts  of  one  province  even  in  the 
larger  sense. 

The  study  of  the  consanguinity  of  rocks  tends  toward  the  hypo- 
thesis that  the  interior  of  the  earth  may  be  regarded  as  containing  a 
single  magma  of  uniform  character  which,  by  process  of  differentiation 
within  the  crust  of  the  earth,  or  during  the  process  of  extrusion,  or 
during  the  process  of  cooling  after  extrusion,  gives  rise  to  all  classes 
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of  igneous  rock.  This  is  the  extreme  view  of  the  origin  of  different 
species  of  igneous  rocks  by  the  process  of  differentiation.  Partly  in 
opposition  to  this  is  that  known  as  the  assimilation  theory  which  sup- 
poses igneous  rocks  to  owe  many  of  their  present  differences  to  the 
older  rooks  with  which  they  have  come  in  contact,  and  by  which  they 
have  been  modified.*  This  theory  could  scarcely  receive,  under  any 
circumstances,  such  wide  application  as  that  just  assigned  to  the 
differentiation  theory,  namely,  that  all  rocks  have  come  from  a  uni- 
versal common  magma  and  are  differentiated  only  by  the  rock  material 
with  which  they  come  in  contact.  Nor  could  it  be  counted  a  directly 
essential  character  in  large  extrusive  volcanic  outputs.  But  in  the 
consideration  of  intrusive  rocks,  where  the  invading  lava  may  for  long 
periods  of  time  have  been  slowly  taking  in  and  dissolving  the  sur- 
rouding  rock  material,  the  process  of  magmatic  stopiog  may  have  made 
the  assimilation  factor  an  important  one  in  the  modification  of 
igneous  rocks. 

The  Monteregian  hills  are  all  intrusive,  and  are  comparatively 
small  igneous  masses ;  they  have  penetrated  strata  of  different  mineral - 
ogical  and  chemical  composition.  Thus  the  Hudson  River  mud  stones, 
Trenton  limestones,  the  graphitic  limestone  and  black  slates  of  the 
Farnham  and  Philipsburg  series,  as  well  as  the  quartz  mica  schists  of 
the  Sillery,  have  been  penetrated  by  these  rocks,  without  producing 
any  material  change  in  the  rocks  themselves,  beyond  a  generally  well 
marked  endomorphic  contact  zone.  Moreover,  the  sedimentary  rocks 
through  which  the  granites  and  the  diabase  series  have  been  intruded 
are  generally  very  similar  to  those  surrounding  the  Monteregian  hills  ; 
in  fact,  the  Hudson  River  shales  are  the  only  rocks  of  the  latter  region 
not  found  in  the  former.  Hence,  it  would  seem  that  whatever  the 
cause  may  be  of  the  primary  magmatic  differentiation,  the  magma  which 
gave  rise  to  the  Monteregian  hills  was  primarily  different  from  that 
which  produced  the  other  rocks  discussed,  with  the  partial  exception 
already  mentioned  of  the  later  dikes.  In  summarising  it  may  be  said 
that  the  rocks  of  southeastern  Quebec  present  two  petrographieal 
provinces,  and  their  differences  are  due  to  primary  differentiation,  i.e. 
to  differences  in  the  original  magmas. 

I.    (a)  Porphyry  andesite   series,  extrusive  and   probably  of 
P re-Cambrian  age. 

•  Dr.  R.  A.  D»ly,  Am.  Jour.  Sci.  On  the  Mechanic*  of  Ifrneoii*  TimtnisionB. 
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(b)  The  diabase  serpentine  group  ranging  in  age  from 
Cambrian  to  late  Silurian  or  Devonian. 

(c)  The  granites,  late  Devonian  age. 

(d)  Between  these  and  the  next  province,  in  a 
bridging  over  the  gap  between  them,  or  at  least  indicatin 
the  extreme  limit  of  each  has  been  reached,  are  the  later  di 

II.    The  second  province  comprises  properly  only  the 
group  of  the  Monteregian  hills. 


ADDENDUM. 

For  the  completion  of  the  investigation  which  has  been 
outlined  in  this  report  a  large  amount  of  field  and  laboratory  w< 
yet  necessary,  much  of  which  has  an  economic  importance  that  ii 
less  than  its  value  to  pure  science.    The  later  dikes  are  very  l 
known,  and  yet  the  occurrence  of  important  deposits  of  copper  i 
northern  part  of  the  district  occupied  by  them  has  been  known 
fifty  years.    The  granites  are  a  geologic  unit  concerning  which 
have  very  little  knowledge,  and  of  which  correspondingly  little  uc 
made,  while  the  pyrrhotites  of  the  diabase  series  promise  eoo:  r 
results,  perhaps  no  less  important  than  the  asbestus  and  chromic 
deposits,  which  also  await  detailed  scientific  investigation. 
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Montreal,  April  23,  1908. 

R.  W.  Brock,  Esq., 
Acting  Director, 

Geological  Survey  Branch, 
Ottawa,  Ont. 

Sir, — I  beg  to  submit  herewith,  a  note  on  the  recent  discovery 
of  gold  near  Lake  Megantic,  Que. 

I  have  the  honour  to  be,  sir, 
Your  obedient  servant, 

JOHN  A.  DRESSER. 
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A   RECENT   DISCOVERY   OF   GOLD   NEAR  LAKE 

MEGANTIC,  QUEBEC. 


John  A.  Dresser. 
 -4  

LOCATION. 

A  discovery  of  gold,  which  has  recently  attracted  much  ^atten- 
tion in  this  district,  has  been  made  in  the  township  of  Marston 
in  the  south-eastern  part  of  the  county  of  Compton,  a  few  miles 
from  the  village  of  Lake  Megantic.  Megantic  station,  on  the 
Canadian  Pacific  railway,  between  Montreal  and  St.  John,  is  175 
miles  from  the  former,  and  307  from  the  latter  place.  It  is  also 
connected  with  Quebec  city  by  the  Quebec  Central  railway,  the 
distance  being  sixty  miles.  The  place  where  the  gold  has  been 
found  is  in  the  fifth  range  of  Marston,  principally  upon  lot  19. 
The  distance  from  Megantic  station  by  road  is  about  eight  miles, 
but  this  can  be  shortened  to  less  than  six  at  seasons  of  the  year 
when  the  lake  can  be  crossed  by  boats,  or  sleighs. 

THE  DISTRICT. 

Lake  Megantic  is  a  sheet  of  water  some  nine  miles  in  length 
from  north  to  south,  and  from  a  mile  to  a  mile  and  a  half  wide. 
It  is  drained  to  the  northward  bv  the  Chaudiere  river,  which 
empties  into  the  St.  Lawrence  river  a  few  miles  above  Quebec 
city,  after  a  course  of  1 20  miles.  It  was  on  the  tributaries  of  this 
river,  notably  the  Gilbert,  Famine,  and  du  Loup,  in  the  county 
of  Beauce,  some  forty  miles  from  Lake  Megantic,  that  alluvial 
gold  was  successfully  mined  for  many  years. 

Victoria  bay,  on  the  west  side  of  Lake  Megantic,  and  three 
miles  from  its  northern  end,  is  the  most  prominent  irregular 
feature  in  the  shore-line.  The  head  of  this  bay  is  within  a  mile 
and  a  half  of  the  gold  locations.    Victoria  river,  which  empties 
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into  Victoria  bay,  is  a  stream  some  fifteen  miles  in  length,  and 
has  several  tributaries,  the  largest  of  which  takes  its  head 
near  Big  Megantic  mountain.  Along  the  Victoria  river  a 
considerable  number  of  prospecting  licences  have  been  lately 
taken  out;  the  licence  holders  evidently  considering  that  the 
discovery  of  gold  in  the  rock  of  the  neighbouring  hills  is  a  favour- 
able indication  of  the  occurrence  of  placer  deposits  in  the  val- 
leys. 

■ 

The  only  other  stream  of  importance  emptying  into  Lake 
Megantic  is  the  Arnold  river,  which  enters  at  the  head  or  extreme 
south  end  of  the  lake  after  a  course  of  fifteen  or  twenty  miles 
near  and  parallel  to  the  watershed  which  forms  the  boundary 
line  between  the  province  of  Quebec  and  the  United  States. 
The  mouth  of  the  Arnold  is  only  six  miles  from  the  boundary 
of  the  State  of  Maine,  and  its  source  is  near  the  headwaters  of 
the  Kennebec  river,  in  that  State.  It  has  received  its  name 
from  having  formed  part  of  the  route  followed  by  General  Arnold 
and  his  army  in  the  desperate  invasion  of  Canada  by  way  of 
the  Kennebec  and  Chaudiere,  to  Quebec,  in  the  late  autumn  of 
1775.  Several  small  deposits  of  copper  are  reported  from  the 
vicinity  of  this  river  in  the  township  of  Woburn. 

The  country  along  the  boundary  line,  and  for  some  distance 
north  of  it,  is  generally  wooded.  Small  farms  were  opened  on 
the  west  side  of  Lake  Megantic,  forty  years  ago,  and  many  parts 
of  the  district  are  now  cleared.  There  are,  however,  consider- 
able areas  of  spruce  forest  still  remaining,  but  they  are  being 
rapidly  reduced  by  the  lumbermen. 

GEOLOGY. 

The  areal  geology  of  this  district  has  been  discussed  by  Df- 
R.  W.  Ells,  of  the  Geological  Survey,  in  the  Annual  Report  for 
1886.  The  map  accompanying  that  report  shows  the  district  to 
the  north-west  of  Victoria  bay— including  the  locality  of  the 
recently  discovered  gold,  and  the  valley  of  the  Victoria  river— 
to  be  occupied  by  sedimentary  schists,  and  slates  of  Cambro 
Silurian.  They  are  dark  or  iron  grey,  fine  grained  sediments, 
with  a  good  slaty  cleavage.  As  their  colour  would  indicate,  they 
contain  small  amounts  of  iron  ore,  and  are  somewhat  micaceous. 
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They  give  a  rather  even  surface  to  the  country,  which  in  this 
vicinity  is  broken  only  by  the  prominent  intrusion  of  Big  Megan- 
tic  mountain.  So  far  as  known,  this  is  wholly  a  mass  of  granite. 
It  rises  abruptly  above  the  surrounding  country  for  1,500  or 
2,000  feet,  and  occupies  between  twenty  or  thirty  square  miles. 

The  area  between  the  south  end  of  Lake  Megantic  and  the 
International  Boundary  Line,  except  for  some  granite  hills,  is 
occupied  by  rocks  of  a  much  earlier  age;  being  a  part  of  the 
Pre-Cambrian  formation  brought  up  from  the  folding  of  the  White 
mountains.  Large  portions  of  it  are  known  to  consist  of  diabase, 
and  other  basic  eruptives.  The  intervening  section  is  mapped 
as  Cambrian.  It  is  largely  drift  covered  in  the  district  in  ques- 
tion. 

The  boundaries  of  the  formations,  and  the  strike  of  the  rocks, 
are  north-east  and  south-west :  that  is,  parallel  with  the  axes  of 
the  mountains  on  the  south-east. 

The  surface  of  the  entire  district  is  generally  covered  by  drift, 
which  carries  a  large  number  of  boulders— chiefly  granite.  Ex- 
posures of  bed  rock  are  few,  and  of  small  extent.  Yet,  the  soil 
is  not  usually  deep,  and  seems  very  evenly  distributed. 

OCCURRENCE  OF  THE  GOLD. 

In  June,  1905,  Mr.  Alex.  McLeod,  of  Marsboro,  had  his  atten- 
tion called  by  his  little  son  Malcolm  to  a  peculiar  rock  on  lot  19, 
range  IV,  which  had  been  uncovered  in  the  operations  of  putting 
in  the  crop.  The  rock  was  found  to  carry  native  gold  in  visible 
amount.  After  some  little  exploratory  work  had  been  done,  pro- 
tracted negotiations  regarding  the  mining  rights  followed,  and 
in  1907  prospecting  licences  on  this  and  several  other  lots  were 
obtained  by  Mr.  G.  A.  Maclver  of  Sherbrooke.  Soon  afterwards, 
Messrs.  Gendreau,  and  others,  secured  licences  on  several  lots, 
and  by  the  end  of  November,  1907,  prospecting  licences  had  been 
granted  upon  some  seventy -five  lots.  In  the  fall  of  1907,  the 
place  was  visited  by  Mr.  J.  Obalski,  M.E.,  Inspector  of  Mines 
for  the  province  of  Quebec.  In  anticipation  of  his  Annual 
Report  not  yet  issued,  Mr.  Obalski  has  given  a  brief  account  of 
the  occurrence  in  a  more  general  paper  presented  at  the  annual 
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meeting  of  the  Canadian  Mining  Institute,  held  at  Ottawa,  in 
March,  1908.  Mr.  Obalski  reports  that  a  specimen  of  the  rock, 
considered  by  him  to  be  an  average  of  a  band  seventeen  feet  in 
width,  yielded  $10.40  on  assay. 

At  the  time  of  the  writer's  visit,  in  April,  1908,  no  work  had 
been  done  for  several  months,  and  the  pits  and  trenches  were 
filled  with  ice  and  water.  Hence,  samples  showing  a  proper 
average  of  the  fresh  rock  could  not  be  obtained.  The  ground, 
however,  was  practically  free  from  snow,  and  there  was  favour- 
able opportunity  for  tracing  out  the  relations  and  partial  extent 
of  the  gold-bearing  rock. 

The  rock  which  carries  the  gold  at  Marsboro  is  a  fine-grained 
granite,  slightly  porphyritic  in  structure,  and  it  occurs  in  the 
form  of  dikes  in  the  Cambro-Silurian  slates.  Three  separate 
dikes  were  located.  They  are  between  fifteen  and  thirty  feet 
wide — as  far  as  could  be  ascertained — and  all  seem  to  be  about 
vertical  in  position.  One  of  them  was  traced  by  occasional  ex- 
posures, for  600  yards.  They  have  been  much  shattered  and 
broken,  and  in  places  are  quite  schistose.  In  the  cracks  thus 
formed  there  are  many  small  reticulating  veins  of  quartz,  in 
some  of  which  visible  gold  occurs.  These  veins  are  usually  less 
than  an  eighth  of  an  inch  wide;  although  one,  two  inches  in 
width,  was  seen.  The  granite  of  the  dikes  consists  of  quartz, 
and  feldspar,  with  a  little  muscovite,  and  in  places  contains  grains 
of  dolomite.  Grains  of  chalcopyrite  are  frequently  found  in  some 
parts  of  the  dikes,  and  a  little  pyrite  and  galena  are  also  to  be 
seen.  The  sulphides  are,  however,  not  limited  in  their  occur- 
rence to  the  little  veins,  as  seems  to  be  the  case  with  the  visible 
gold.  The  rock  is  often  thickly  spotted  by  iron  rust ;  indicating 
that  iron-bearing  sulphides  were  originally  disseminated  through- 
out much  of  the  dike.  No  gold  has  yet  been  found  in  the  slates 
on  either  side  of  the  dikes. 

In  direction,  the  three  dikes  are  practically  parallel.  Dike 
No.  1,  on  lot  19,  strikes  N.  6o°  E.  (Magnetic);  dike  No.  2,  which 
occurs  on  lots  20  and  21,  N.  550  E. ;  and  dike  No.  3,  on  lot  21, 
strikes  N.  6o°  E.  The  direction  of  the  cleavage  of  the  slates,  in 
the  few  places  where  it  could  be  seen,  was  found  to  coincide 
nearly— if  not  quite— with  the  dikes. 
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On  dike  No.  i,  there  are  four  exposures: — 

(A)  A  cutting  about  three  feet  deep  has  been  made,  exposing 
this  rock  at  the  edge  of  the  woods  which  cover  the  western  half 
of  lot  19.    Gold  is  reported  to  occur  here. 

(B)  Two  hundred  feet  north-east  from  A,  a  shaft  fifteen  feet 
by  eight  feet  has  been  sunk  and  timbered  to  a  depth  of  sixteen 
feet.  Visible  gold  can  be  occasionally  seen  in  the  rock  of  the  wall, 
and  of  the  dump.  The  shaft  was  largely  filled  with  ice  and  water 
at  the  time  of  my  visit.  This  is  the  place  where  the  original 
discovery  was  made,  and  Mr.  Obalski's  specimen  was  taken  from 
this  pit.    The  width  of  the  dike  here  is  seventeen  feet. 

(C)  Five  hundred  and  sixty  feet  north-east  from  B,  is  a  cut- 
ting six  feet  deep,  from  which  visible  gold  is  reported.  A  speci- 
men taken  from  this  place,  showing  no  visible  gold,  and  carrying 
a  few  grains,  of  chalcopyrite,  was  assayed  for  me  by  Mr.  H.  F. 
Strangways,  M.Sc.,  at  McGill  University.  The  results  obtained 
were : — 


A,  B,  and  C  are  on  lot  19,  range  V,  and  the  width  of  the  dike, 
as  shown  at  these  places,  is  between  fifteen  and  twenty  feet. 

(D)  Three  hundred  and  seventy-three  yards  north-east  from 
C,  on  the  farm  of  Donald  Smith,  lot  20,  range  IV,  the  rock  has 
been  uncovered.  This  disclosure  shows  the  regularity  in  direction 
of  this  dike.  There  is  no  exposure  of  the  rock  between  C  and  D ; 
but  Mr.  Smith  found  the  rock  at  the  latter  point,  by  carrying  a 
line  in  the  direction  indicated  by  pits  B  and  C,  until  his  pro- 
perty was  reached.  Then,  sinking  through  some  eight  feet  of 
drift,  he  found  the  dike  rock,  which  is  reported  to  carry  gold. 

A,  B  and  C  are  on  the  lands  under  lease  to  J.  A.  Maclver  and 
associates.  The  mining  rights  at  pit  D  are  owned  by  Donald 
Smith. 


Gold 
Silver. 


o-35  oz.  @  $20  . 00 =$7 .00 
0  70  oz.  @  $  o.6o=$o.42 


$7 -42 
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On  dike  No.  2  no  work  has  been  done,  and  there  are  only  two 
natural  exposures  some  forty  yards  apart.  The  dike  appears  on 
lot  20,  a  few  feet  from  lot  21,  and  running  obliquely  towards  the 
boundary  line.  It  probably  enters  that  lot  near  the  more  nor- 
therly of  the  two  exposures  seen.  Slate  was  found  on  both  sides 
of  it,  but  at  some  distance.  This  dike  is  not  less  than  ten,  nor 
probably  more  than  thirty  feet,  in  width.  It  is  437  yards  north- 
west from  dike  No.  1 . 

The  mining  rights  on  lot  20,  are  held  by  Mr.  Maclver  et.  al., 
and  those  on  lot  21  by  Messrs.  Gendreau. 

On  dike  No.  3,  which  is  forty  yards  north-west  from  No.  2, 
and  thus  is  on  lot  2 1 ,  a  cutting  apparently  five  feet  deep  has  been 
made.  Both  walls  are  slate.  Mr.  A.  B.  Gendreau,  of  Lake 
Megantic,  one  of  the  owners,  reports  that  the  rock  at  this  place 
yields  a  trace  of  gold. 

SOURCE  OF  THE  GOLD. 

The  gold  has  evidently  been  brought  in  by  the  granite  magma 
of  the  dikes  in  which  it  is  now  found ;  since,  as  proved  by  assay, 
it  occurs  in  the  rock  as  well  as  in  the  small  veins.  The  subse- 
quent shattering  of  the  dikes  by  regional  metamorphism  has 
afforded  conditions  for  the  concentration  of  the  gold  in  the  small 
veins  in  which  visible  amounts  have  been  found. 

EXTENT  OF  THE  GOLD-BEARING  ROCKS. 

Thus  far  only  three  dikes  have  been  found  in  this  vicinity. 
But  as  little  or  no  stripping  has  been  done  in  search  of  them, 
since  the  natural  exposures  of  bed  rock  are  exceedingly  few,  and 
as  the  dikes  yet  found  are  near  together,  it  seems  likely  that  there 
are  many  others  in  the  vicinity.  Their  number  depends  in  a 
considerable  measure  upon  the  source  of  the  dikes.  Dikes  are 
offshoots  from  larger  masses  of  related  rocks  which  have  filled 
cracks  and  crevices  formed  by  the  intrusion  of  the  larger  bodies. 
These  dikes  all  trend  directly  towards  Big  Megantic  mountain, 
some  seven  miles  distant.  This  is  an  intrusive  mass  which  has 
been  thrust  up  through  the  surrounding  slates,  and,  as  far  as 
known,  is  of  granite;  having  a  chemical,  and  mineralogical  com- 
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position  that  could  give  rise  to  such  dikes.  If  Big  Megantic 
mountain  is  the  centre  from  which  these  dikes  have  come,  the 
dikes  would  then  be  found  more  numerous  as  the  mountain  is 
approached.  They  would  also  be  expected  to  occur  radiating 
out  in  all  directions  around  the  mountain,  but  would  likely  be 
more  numerous  and  more  regular,  in  their  direction  on  the  north- 
east and  south-west  sides,  since  these  are  the  directions  of  the 
strike  of  the  slates  along  which  cracks  would  be  most  easily  and 
regularly  formed.  For  this  reason,  it  would  seem  advisable  to 
prospect  those  portions  of  the  townships  of  Hampden,  Ditton, 
and  Chesham  which  are  adjacent  to  the  mountain  on  the  south- 
west side,  as  well  as  the  district  intervening  between  Marsboro, 
and  Big  Megantic  mountain.  The  long  known  occurrence  of 
gold  in  the  gravel  of  Ditton  adds  weight  to  this  suggestion.  If, 
on  the  other  hand,  the  dikes  in  Marston  are  not  connected  with 
Big  Megantic  mountain,  they  must  come  from  some  subterranean 
mass  of  igneous  rock.  The  occurrence  of  other  dikes  could  not 
be  predicted  without  more  information  than  is  now  available. 
There  is,  however,  no  known  evidence  of  importance  to  indicate 
that  the  dikes  have  such  an  origin;  it  is  therefore,  considered 
highly  probable  that  they  are  offshoots  from  Big  Megantic  moun- 
tain, and  consequently,  are  to  be  found  in  various  directions 
around  it.  Much  of  the  country  between  Marston  dikes  and  the 
mountain  is  wooded,  and  portions  of  it  a  swamp,  hence  is  un- 
favourable to  prospecting. 

Rocks  similar  to  the  dikes  are  reported  to  have  been  found 
on  lot  26,  range  III,  of  Marston,  some  three  miles  north-east  of 
the  dikes  seen,  and  directly  on  the  line  of  their  strike.  There 
was  not  an  opportunity  to  verify  this.  The  line  of  strike  carried 
three  miles  farther  to  the  north-east,  crosses  lot  6,  range  XI,  of 
Whitton,  on  which  tin  has  been  reported  in  float.  Mr.  Faribault 
reports  to  have  observed  a  dike  sixteen  feet  wide  of  the  same  rock 
crossing  the  road,  ten  chains  west  of  Sandy  cove  of  Lake  Megan- 
tic, on  lot  69,  range  II,  south-west,  township  of  Whitton.  The 
direction  of  the  dike  is  X.  630  E.,  and  dips  south-east  750. 

ALLUVIAL  GOLD. 

Following  the  announcement  of  the  discovery  of  gold  in  the 
rock  at  Marsboro,  a  considerable  number  of  licences  have  been 
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taken  up  along  the  Victoria  river.  These  appear  to  be  held 
chiefly  by  placer  miners  from  Beauce.  It  was  late  in  the  season 
when  most  of  the  licences  were  obtained,  and  no  work  of  impor- 
tance has  yet  been  done.  With  the  lowering  of  the  water  in  the 
early  summer,  the  valley  of  the  Victoria  will  probably  be  well 
prospected.  At  the  time  of  writing,  no  evidence  of  the  value 
of  these  prospects  is  available. 

PROSPECTING  OF  THE  DISTRICT. 

It  must  be  borne  in  mind  that  the  gold-bearing  rock  at  Mars- 
boro  is  as  yet  known  only  in  small  amount,  and  that  the  proven 
occurrences  of  gold  are  few.  While  samples  have  been  taken 
which  appear  to  represent  the  general  rock  of  the  dikes,  and  have 
been  found  to  carry  gold,  they  are  after  all,  only  random  speci- 
mens. Samples  representative  of  each  dike  must  be  taken  at 
many  points  before  the  commercial  value  can  be  distinctly 
asserted.  At  present  there  is  no  place  exposed  suitably  for  the 
taking  of  such  samples.  The  dikes  are  definite  bodies,  and  can 
be  easily  uncovered  by  stripping,  and  fresh  rock  could  be  obtain- 
ed at  a  few  feet  from  the  surface.  Continuous  specimens  taken 
across  the  dikes  at  suitable  intervals  would  soon  make  it  easily 
apparent  what  the  possibilities  are  for  profitable  mining. 

The  country  is  easy  of  access,  and  prospecting  is  not  unduly 
expensive.  Once  recognizing  the  direction  of  the  dikes,  it  is  a 
comparatively  simple  matter  to  follow  them,  as  was  shown  by  the 
discovery  of  pit  D,  on  dike  No.  i ,  by  Donald  Smith.  If  the  gold 
proves  to  be  persistent  and  at  all  uniformly  distributed  in  the 
rock,  the  district  would  admit  of  mining  under  favourable  con- 
ditions. Labour  is  not  highly  expensive,  timber  is  plentiful, 
water  supply  can  be  had  at  no  great  distance,  and  transport- 
ation difficulties  are  not  excessive. 

But  first,  the  actual  average  values  of  the  dike  over  long  dis- 
tances must  be  ascertained,  and  the  mode  of  accurrence  of  the 
gold— whether  evenly  disseminated  or  unevenly  distributed 
through  various  parts  of  the  rock — must  be  found  out.  And 
these  facts  must  be  determined  for  each  individual  dike.  Then, 
if  those  already  found  yield  values  to  warrant  it,  the  search 
for  others  should  be  made,  as  already  indicated. 
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A  copper  deposit,  lately  discovered  a  few  miles  east  of  Lake 
Megantic,  was  visited  with  a  view  to  ascertaining  whether  it 
showed  any  relation  to  the  occurrences  of  gold  or  not.  It  is  in 
the  sixth  range  of  Ditchfield,  on  the  farm  of  Alphonse  Roy.  A 
shaft  has  been  sunk  some  twenty-five  feet  in  depth,  in  a  quartzose 
chloritic  slate.  The  copper  occurs  as  chalcopyrite,  and  is  mixed 
with  pyrite  and  gangue,  in  a  vein  between  one  or  two  feet  wide. 
It  evidently  bears  no  relation  to  the  occurrence  of  gold  at  Mars- 
boro. 


LICENCES. 


Prospecting  licences  giving  an  exclusive  right  to  examine  the 
property,  with  the  privilege  of  securing  mining  licences,  or  of 
buying  mining  rights  in  the  province  of  Quebec,  may  be  obtained 
from  the  Honourable  the  Minister  of  Mines,  Quebec.  These 
licences  are  granted  for  three  months,  and  are  renewable  at 
the  discretion  of  the  Minister.  The  licence  fee  in  surveyed  pri- 
vate lands,  as  in  Marston,  is  $2.00  per  100  acres,  or  fraction 
thereof;  a  similar  fee  being  required  with  each  renewal.  On 
November  24,  1907,  the  following  lots  were  held  under  prospect- 
ing licences,  in  the  township  of  Marston: — 

Range       I,  lots  17,  18. 


and  28. 


u 

II, 

u 

19. 

a 

HI, 

a 

18-22,  inclusive. 

U 

IV, 

n 

18-22 

u 

v, 

ii 

16-22 

Li 

VI, 

u 

13-20 

u 

VII, 

u 

12-21 

i. 

u 

VIII, 

i. 

10-14 

u 

IX, 

u 

7-14 

i. 

x, 

u 

7-14 

(. 

XI, 

U 

4-1 1 

« 

XII, 

a 

6-10 

and  4. 


Google 


■ 


□I 


•  Digitized  by  Google 


s 


i 


! 

Digitized  b^Ogle 


♦  CANADA 

DEPARTMENT  OF  MINES 

GEOLOGICAL  SURVEY  BRANCH 

Hon.  W.  Templeman,  Minister;  A.  P.  Low,  Deputy  Minister; 
R.  W.  Brock,  Actino  Director. 


THE 


GEOLOGY  AND  MINERAL  RESOURCES 


OK 


NEW  BRUNSWICK 


rt .   "\V.  ELLS 


OTTAWA 

PRINTED  BY  S.  E.  DAWSON,  PRINTER  TO  THE  KINO'S  MOST 

EXCELLENT  MAJESTY 

1907 

No.  983 


Digitized  by  Google 


iguizea  °y 


Google 


CONTENTS. 

Pages. 

Part  I.  Physiography   7 —  15 

II.  Geology   17—76 

III.  Mineral  Resources   77 — 130 

Index   131—135 

• 


9142—14 


■ 

- 

Digitized  by  Goosle 


A.  P.  Low,  Esq., 

Deputy  Minister,  Dept.  of  Mines. 

Sib, — Herewith  I  beg  to  hand  you  a  report  on  the  Geology  and 
Mineral  Resources  of  New  Brunswick.  The  report  is  accompanied 
by  a  map  showing  the  mineral  resources  of  the  province. 

Your  obedient  servant, 

* 

R.  W.  ELLS. 

Mnrch,  1907. 
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PART  I. 


PHYSIOGRAPHY. 

The  physiography  of  New  Brunswick  has  been  extensively  dis- 
cussed within  the  last  few  years  by  several  able  writers,  including 
Professor  W.  F.  Ganong,1  Drs.  L.  W.  Bailey,'  G.  F.  Matthew1  and  R. 
Chalmers,4  Mr.  W.  J.  Wilson*  and  others.  In  this  brief  introduction 
to  the  geology  and  mineral  resources  of  the  province  it  is  not  there- 
fore considered  necessary  to  give  more  than  a  mere  outline  of  the 
leading  features  with  a  view  to  the  better  understanding  of  what 
may  follow. 

The  province  of  New  Brunswick  is  the  largest  of  the  three  that 
constitute  what  are  usually  known  as  the  '  Maritime  Provinces.'  At 
one  time,  with  Nova  Scotia,  it  formed  what  was  called  '  Acadia.'  It 
is  an  integral  portion  of  the  continent,  while  the  province  of  Prince 
Edward  Island  is  entirely  surrounded  by  water.  Nova  Scotia  was  in 
early  Post-Tertiary  times  also  an  island,  though  now  connected  with 
New  Brunswick  by  a  narrow  isthmus,  only  fifteen  miles  wide,  between 
the  headwaters  of  the  Bay  of  Fundy  and  those  of  the  Gulf  of  St. 
Lawrence.  This  isthmus  consists  in  large  part  of  marsh,  but  little 
raised  above  the  sea-level,  and  its  material  has  evidently  been  de- 
posited largely  by  the  action  of  the  tides.  Much  of  this  marshy 
area  has  been  reclaimed  from  tidal  action  by  an  extensive  series  of 
canals  and  dikes  and  is  specially  valuable  as  constituting  the  finest 
lands  in  the  province  for  the  production  of  hay.  Reclamation  is  still 
going  on  by  artificial  methods. 

The  area  of  the  province  is  27,987  square  miles.  The  population 
according  to  the  census  of  1901  was  331,120.  New  Brunswick,  in  its 
general  outline,  is  nearly  square,  but  the  northwest  portion  projects 
westward  between  the  province  of  Quebec  and  the  state  of  Maine  • 
for  some  fifty  miles,  the  River  St.  John  for  a  part  of  this  distance 
being  the  dividing  line. 

On  the  south  side  the  province  is  bounded  by  the  waters  of 
the  Bay  of  Fundy,  which  extends  from  the  mouth  of  the  St.  Croix 

1  W.  F.  Ganong,  Canadian  History  Readings,  pp.  74-104-129,  1900. 

5  Bulletins  of  the  Natural  History  Society  of  N.B.,  1896  to  1907. 

sO.  F.  Matthew,  G.  S.  Reports,  1877-8. 

«R.  Chalmers.  G.  S.  Reports,  1884-1894-1899. 

8W.  J.  Wilson,  Canadian  History  Readings,  p.  137,  1900. 
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on  the  west  to  the  head  of  Cumberland  bay  on  the  east,  a  distance  in 
a  straight  line  of  about  150  miles.  On  the  east  it  is  bounded  by 
the  waters  of  Northumberland  strait,  the  Gulf  of  St  Lawrence  and 
Chaleur  bay,  the  latter  forming  the  northern  boundary  of  the  east 
coast  between  Miscou  island,  which  is  the  northeast  point  of  the 
province,  and  the  town  of  Dalhousie  at  the  mouth  of  the  Rcstiyouche 
river.  On  the  north  the  Rcstigouche  divides  it  from  the  province  of 
Quebec,  as  far  as  the  mouth  of  the  Patapedia,  a  distance  of  about 
fifty  miles,  whence  the  boundary  between  the  provinces  westward  is 
broken  to  its  connexion  with  the  upper  St.  John.  From  a  point  about 
two  miles  west  of  Grand  Falls  the  boundary  between  New  Bruns- 
wick and  the  state  of  Maine  is  defined  by  a  due  north  and  south  line, 
as  far  south  as  what  is  known  as  the  Monument  at  the  head  of 
Monument  brook,  which  is  an  upper  tributary  of  the  St.  Croix  river, 
whence  it  folllows  that  stream  south  to  the  Chiputneticook  lakrs, 
and  thence  by  the  St.  Croix  to  Passamaquoddy  bay  on  the  Bay  of 
Fundy. 

The  province  is  divided  into  fifteen  counties,  viz.,  Charlotte,  St. 
John  and  Albert,  bordering  on  the  Bay  of  Fundy;  York.  Queens, 
Kings,  and  Sunbury  in  the  interior;  Westmorland,  Kent,  Northum- 
berland, Gloucester  and  Restigouche  along  the  Gulf  of  St.  Lawrence 
and  adjoining  waters;  Madnwaska,  Victoria  and  Carleton  along  the 
St.  John  river  in  the  northwestern  portion.  The  boundary  between 
New  Brunswick  and  Nova  Scotia  is  along  the  Missaguash  for  the 
greater  part  of  the  distance  between  Cumberland  bay  and  Bay  Verte. 

The  southern  portion,  including  large  parts  of  Charlotte,  St 
John  and  Kings  counties,  is  somewhat  rugged,  the  surface  diver- 
sified by  a  series  of  low  mountains  or  hills  which  rarely  exceed  1.200 
feet  in  height.  Of  these  the  granite  hills  which  extend  across  the 
greater  part  of  Charlotte  county  are  the  most  prominent  in  the  area 
west  of  the  St.  John,  while  east  of  that  river  the  range  of  crystalline 
and  volcanic  rocks,  known  in  part  as  the  Caledonia  mountains,  rises 
a  few  miles  east  of  St.  John  city  and  continues  into  Albert  county, 
terminating  about  six  miles  west  of  the  Petitcodiac  river.  This  hilly 
country  extends  northward  along  the  St  John  river  for  about  thirty 
miles  from  the  mouth,  or  nearly  to  the  overlap  of  the  rocks  of  the 
central  Carboniferous  basin. 

The  central  portion  of  the  province  is  occupied  in  large  part  by 
the  Carboniferous  rocks,  forming  an  area  of  not  far  from  12,000 
square  miles.  Throughout  this  area  there  are  no  prominent  hill 
features,  the  elevation  along  the  river  being  very  gradual  as  far  west 
as  the  city  of  Fredericton  after  passing  the  hilly  country  along  the 
lower  part  of  this  stream.  This  comparatively  low,  basin-shaped 
oountry  extends  thence  north  along  the  Nashwaak  to  the  Main  South- 
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west  Miramichi  at  Boiestown,  which  practically  marks  the  northern 
limit  of  the  Carboniferous  formation  in  this  area.  The  general  level 
of  the  eastern  part  of  the  Carboniferous  basin  is  rarely  more  than  250 
to  300  feet,  but  in  the  northeastern  portion,  between  Newcastle  and 
Bathurst,  ridges  of  this  formation,  indicating  anticlinal  axes,  reach 
elevations  of  500  to  600  feet 

The  northern  portion  of  the  province,  including  that  part  north 
of  a  line  drawn  roughly  from  the  vicinity  of  Woodstock  on  the  St. 
John  to  Chaleur  bay,  contains  the  most  strongly  marked  hill  features. 
The  country  bordering  the  upper  waters  of  the  Tobique,  the  Mira- 
michi and  the  Nipisiguit,  in  which  are  large  masses  of  granite  and 
other  hard  crystalline  rocks,  contains  irreirular  chains  of  hisrh  hills 
or  mountains,  some  of  which  reach  elevations  of  not  far  from  2,700 
feet  above  sea-level.  The  mountain  features  in  this  area  have  been 
carefully  worked  out  in  recent  years  by  Dr.  W.  E.  Ganongf,  who  has 
also  spent  much  time  in  mapping  the  orographic  details  of  the  pro- 
vince generally.  Several  high  peaks  also  occur  in  the  area  near  the 
forks  of  the  Upealquitch  and  Restigouche,  as  Slate  and  Squaw  moun- 
tains with  elevations  of  about  2,000  feet,  and  at  Campbellton  in  the 
Sugar  Loaf  with  a  height  of  950  feet.  On  the  Tobique  river  the  Blue 
mountains  are  about  1,725  feet  in  height,  and  between  this  and  the 
mouth  of  Portage  brook  on  the  Nipisiguit  there  are  numbers  of  peaks 
with  elevations  between  1,600  and  2,500  feet  above  sea-level.  To  the 
north  of  this  river  the  area  occupied  generally  by  Silurian  rocks  is 
very  hilly,  and,  carefully  traversed,  may  show  the  presence  of  masses 
of  igneous  rocks. 

The  rivers  of  the  province  are  numerous,  but  small  as 
compared  with  those  of  Ontario  and  Quebec.  The  St.  John,  taking 
its  rise  in  the  northern  part  of  the  State  of  Maine,  is  by  far  the 
largest  with  a  length  of  450  miles,  and  draining  an  area  of  the  pro- 
vince of  about  10,500  square  miles.  Along  its  course,  which  crosses 
the  western  portion  of  New  Brunswick,  there  are  a  number  of  towns 
of  considerable  importance,  including  Edmundston,  Grand  Falls, 
Andover,  Perth,  Florenceville  and  Woodstock  in  the  northern  part, 
Fredericton,  the  capital  city,  about  eighty-five  miles  by  river  from  its 
mouth,  Gagctown  nearly  midway  to  its  mouth,  and  the  city  of  St.  John 
at  its  entrance  into  the  Bay  of  Fundy.  Numerous  small  villages  are 
situated  also  along  its  course,  and  in  the  lower  thirty  miles  above 
St.  John  it  has  in  recent  years  become  the  favourite  place  of  sum- 
mer resort,  many  beautiful  cottages  having  been  erected  along  its 
banks.  These  are  conveniently  situated  as  regards  communication 
with  that  city  both  by  railway  and  by  water. 


t  Literature. 


10 


NEW  BRUNSWICK 


The  river  is  navigable  for  steamboats  of  good  size  at  all  times 
during  the  season,  as  far  as  Fredoricton,  a  daily  line  of  communi- 
cation being  maintained;  while  above  this  as  far  as  Woodstock  navi- 
gation is  possible  during  a  part  of  the  summer.  In  high  water,  boats 
can  run  as  far  as  Grand  Falls,  which  is  the  first  great  natural  barrier 
in  the  river.  Above  this  last  point  boats  can  run  for  another  forty 
to  fifty  miles,  but  the  facilities  for  travel  along  this  upper  portion 
by  railway,  which  skirts  the  bank  of  the  river  below  Edmundston, 
have  greatly  lessened  the  travel  by  boats,  for  this  portion. 

This  river  is  the  great  highway  for  the  transport  of  lumber  from 
its  upper  waters,  both  for  the  northern  port  of  the  province  and  for 
a  large  part  of  northern  Maine,  huge  rafts  being  sent  down  to  St 
John  every  season.  The  lower  portion  especially  is  a  favourite  route 
for  tourist  travel,  the  scenery  along  its  course  being  varied  and  of 
great  beauty  at  many  points. 

Along  the  lower  fifty  miles  of  its  course  several  large  bays  extend 
to  the  eastward,  including  Kennebecasis,  Belleisle  and  Washademoak, 
and  the  Grand  lake,  a  sheet  of  water  about  twenty-five  miles  in  length 
with  a  breadth  of  three  to  six  miles,  connected  with  the  St.  John  by 
the  beautiful  Jemseg  creek.  These  are  all  navigable  for  small 
steamers,  and  regular  lines  of  boats  ply  on  these  waters  during  every 
season. 

Among  other  comparatively  large  rivers  on  the  west  which  are 
tributaries  of  the  St.  John  may  be  mentioned  the  Madawaska  rising 
to  the  north  in  #ke  province  of  Quebec,  along  the  course  of  which 
the  railway  between  River  du  Loup  on  the  St  Lawrence  and  Edmund- 
ston is  built,  which  connects  the  main  line  of  the  Intercolonial  with 
the  Canadian  Pacific  at  the  latter  place.  The  Grand  river,  though 
not  large,  forms  a  convenient  canoe  route  to  the  upper  part  of  the 
Restigouche,  and  joins  the  St.  John  about  twelve  miles  above  Grand 
Falls;  the  Aroostook  enters  on  the  west  side  about  fifteen  miles  be- 
low that  town,  but  has  its  course  mostly  in  the  state  of  Maine.  The 
Tobique  enters  from  the  east  a  few  miles  below  this  stream  and  is 
the  principal  tributary  of  the  St.  John  from  the  east  It  extends 
for  some  sixty  miles  in  a  direct  line  to  the  upper  waters  of  the  Nip- 
isiguit,  to  which  there  is  a  portage  of  about  three  miles  and  from 
which  there  is  water  communication  by  canoes  with  Bathurst  on 
Chaleur  bay,  a  distance  by  stream  of  eighty-eight  miles.  This  is  a 
favourite  canoe  route  between  the  west  and  east,  and  both  streams 
are  celebrated  for  the  abundance  and  excellent  quality  of  the  trout 
and  salmon  which  everywhere  abound  along  the  whole  distance.  The 
scenery  along  this  route  is  among  the  finest  in  the  province. 

Farther  south  the  Brcaguimec  and  Keswick,  comparatively 
small  streams,  are  found.    Opposite  the  city  of  Fredericton  the 
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Nashwaak  enters  from  the  north  and  is  a  large  and  important  stream 
rising  near  the  upper  part  of  the  Main  Southwest  Miramichi.  It  is 
celebrated  for  the  quantity  and  quality  of  its  lumber.  Farther  east 
the  Salmon  river  enters  the  upper  end  of  Grand  lake,  the  Canaan 
enters  the  head  of  Washademoak  lake  and  the  Belleisle  and  Kennebec- 
aaia  enter  the  heads  of  their  respective  bays.  On  the  west  side  of 
the  St.  John  the  Oromocto  joins  the  river  about  twelve  miles  below 
Fredericton  and  with  its  two  branches,  the  North  and  South,  drains 
a  considerable  area  in  northern  Charlotte  and  southern  York  counties. 

The  rivers  entering  the  Bay  of  Fundy,  with  the  exception  of  the 
St  Croix  and  St.  John,  are  comparatively  short  owing  to  the  belt  of 
high  lands  which  keeps  a  short  distance  to  the  north  of  the  coast 
West  of  St.  John  they  include  the  Lepreau,  the  Magaguadavic,  the 
Digdeguash  and  the  Musquash,  while  east  of  that  city  they  include  the 
Black,  the  Big  Salmon  and  the  upper  Salmon  rivers.  The  Petitcodiac, 
however,  which  is  in  the  southeastern  part  of  the  province,  is  a  large 
tidal  stream  for  some  miles,  and  at  high  water  vessels  ascend  as  far 
as  Moncton  which  is  a  shipping  port;  while  the  Memramcook,  a 
few  miles  to  the  east,  is  also  tidal,  and  at  one  time  extensive  ship- 
building yards  were  located  near  the  head  of  the  tidal  waters  of  both 
these  rivers.  During  low  tide  both  rivers  are  practically  empty 
with  high  mud  banks,  a  feature  caused  by  the  great  rise  and  fall  of 
the  tides  along  this  portion  of  the  Bay  of  Fundy.  From  data 
obtained  from  the  latest  published  tide  tables  of  the  Department  of 
Marine  and  Fisheries,  it  is  seen  that  the  rise  of  the*tide  increases  in 
a  marked  degree  as  the  bay  is  ascended,  rising  from  twenty-five  to 
twenty-seven  and  a  half  feet  for  spring  and  neap  respectively  in  the 
western  portion  at  St.  Andrews  to  twenty-seven  and  twenty-three  in 
St  John  harbour,  thirty  and  twenty-five  at  Quaco,  forty-one  and 
thirty-four  and  a  half  at  Grindstone  island  at  the  mouth  of  the 
Petitcodiac  estuary,  and  forty-five  and  thirty-eight  at  the  mouth  of 
the  Petitcodiac,  a  rise  only  exceeded  at  a  few  points  in  Minas  basin. 

The  rivers  flowing  into  the  Gulf  of  St  Lawrence  are  not  navig- 
able for  crafts  other  than  canoes  beyond  their  tidal  estuaries.  They 
include  from  south  to  north,  the  Buctouche  which  rises  in  close 
proximity  to  the  Canaan;  the  Richibucto  heading  near  the  upper 
part  of  the  Salmon;  with  several  minor  streams  between  this  and 
the  Miramichi.  The  Main  Southwest  Miramichi  is,  next  to  the  St. 
John,  the  most  important  as  regards  size.  It  traverses  the  greater 
part  of  the  breadth  of  the  interior  of  the  province  and  heads  near 
the  lower  part  of  the  Tobique.  It  has  a  number  of  large  branches, 
among  which  is  Cains  river  from  the  south,  while  on  the  north  are 
the  Dungarvon,  Renous,  Little  Southwest  and  the  Northwest,  the 
latter  joining  the  Main  Southwest  just  below  the  crossing  of  the 
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Intercolonial  railway  near  the  town  of  Newcastle.  All  these  rivers 
are  important  factors  in  the  lumber  industry. 

Between  this  river  and  the  Nipisiguit  the  rivers  are  small,  but 
important  fishing  streams,  abounding  in  sea-trout  in  their  season. 
They  include  the  Bartibog,  Tabusintac,  Tracadie  and  Pockmouche, 
They  are  navigable  for  canoes  only  for  a  certain  distance  according  to 
the  state  of  the  water.  The  Southwest  Miramichi  and  its  branches 
abound  in  salmon  and  trout. 

The  Nipisiguit  is  an  important  river.  Along  its  course  immeri.se 
quantities  of  lumber  are  floated,  while  as  far  up  as  the  Grand  falls, 
twenty  miles  from  its  mouth,  it  abounds  in  salmon  and  trout.  The 
falls  form  an  impassable  barrier  for  salmon  since  no  fishway  has 
yet  been  constructed,  though  the  upper  portion  would  furnish  the 
finest  of  spawning  grounds  for  this  fish.  Above  the  falls  to  the  head 
of  the  stream  it  is  one  of  the  best  trout  streams  in  the  province.  It 
has  no  large  tributaries,  the  South  branch,  nearly  sixty  miles  from  the 
mouth,  being  the  most  important.  This  branch  heads  in  the  great 
range  of  granite  hills  to  the  south.  Along  the  lower  part  near  the 
Grand  falls  are  extensive  deposits  of  magnetite  which  have  not  yet 
been  developed. 

North  of  this  river  several  streams,  including  the  Tetagouche. 
the  Nigadoo,  the  Charlo  and  the  Jacquet  rivers  are  found,  none  of 
which  are  navigable  except  for  canoes  in  good  water,  but  all  abound 
in  trout  and  salmon. 

The  Restigouche  is  the  most  northerly  on  this  coast.  The  lower 
portion  flowing  into  Chaleur  bay  is  a  tidal  estuary,  navigable  for 
steamers  as  far  up  as  the  town  of  Campbell  ton,  twelve  miles  above 
which  place  it  is  joined  by  the  Metapedia  from  the  north.  Six 
miles  farther  west  the  TTpsalquitch  comes  in  from  the  south,  an 
important  stream  rising  near  the  Nipisiguit  and  forming  a  fine 
canoe  route  across  this  part  of  the  province.  Still  farther  west  the 
principal  tributaries  from  the  north  are  the  Patapedia  and  the 
Quatawamkedgewick,  both  Quebec  streams.  The  tributaries  from 
the  south  are  unimportant  All  these  streams  are  celebrated  for  the 
abundance  and  quality  of  the  salmon  and  trout. 

The  height  of  land  or  principal  watershed  of  the  province  follows 
a  very  irregular  course.  From  a  paper  published  some  years  ago 
by  Mr.  W.  J.  Wilsonf  the  following  extracts  may  be  given : — *  From 
the  Isthmus  of  Chignecto  (which  connects  the  province  with  Nova 
Scotia  at  the  southeast  angle)  it  runs  northwesterly  almost  to  the 
boundary  of  Kent  county,  separating  the  Kennebecasis,  Canaan  and 
Salmon  rivers  from  those  flowing  into  Northumberland  strait.  From 
this  point  it  runs  southwesterly  separating  Salmon  and  Cains  rivers. 

t  Title.  '  Canadian  History  Readings.'  1900. 
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Then  northwesterly  in  a  zig-zag  course  dividing  the  waters  of  the 
Miramichi  from  those  flowing  into  the  St.  John.  This  course  con- 
tinues into  Carleton  county  where  it  is  only  nine  miles  from  the  St, 
John  river.  The  watershed  then  runs  northeasterly  between  the 
Miramichi  and  Tobique  waters  into  Northumberland  county.  It 
then  curves  round  again  to  the  southwest  into  Victoria  and  Mada- 
waska  counties  where  it  is  again  only  ten  miles  from  the  St  John 
which  at  this  point  forms  the  western  boundary  of  the  province. 
The  height  of  land  then  runs  northwesterly  into  Quebec. 

This  watershed  or  height  of  land  is  by  no  means  a  prominent 
and  distinct  ridge  through  all  its  course,  for  in  its  southern  half  it 
is  not  easily  distinguishable.  The  small  streams  forming  the  head- 
waters of  many  of  the  rivers  interlock,  and  it  is  impossible  in  passing 
over  the  country  to  determine  to  which  slope  they  belong  without  fol- 
lowing them  for  some  distance.  This  is  true  in  a  large  degree  of  ,  all 
watersheds  except  in  mountainous  regions.  Another  watershed  of 
some  importance  runs  through  Charlotte  and  York  counties  and  sepa- 
rates the  rivers  emptying  into  the  Bay  of  Fundy  from  those  flowing 
into  the  St.  John  river.   Its  direction  is  northwest  and  southeast,' 

Lakes. — While  these  are  numerous  none  are  of  large  size  with  the 
exception  of  Grand  lake  already  referred  to,  the  area  of  which  is 
about  sixty-eight  square  miles.  The  surface  of  this  lake  is  scarcely 
above  high  tide  level  of  the  Bay  of  Fundy,  and  a  small  tide  is  found 
near  its  head  about  seventy  miles  inland.  This  is  due  to  the  peculiar 
phenomena  of  what  is  known  as  the  'Reversible  falls,'  which  are 
situated  near  the  discharge  of  the  St.  John  into  the  tidal  harbour, 
where  during  low  tide  the  river  waters  are  discharged  seaward  with 
a  descent  of  fifteen  to  twenty  feet,  while  at  high  water  in  the  har- 
bour the  fall  is  inward,  the  harbour  water  being  then  from  eight  to 
ten  feet  higher  than  the  normal  water  in  the  river  itself.  During 
certain  stages  in  the  tide  the  passage  at  the  falls  is  smooth  and  ship- 
ping can  pass  up  and  down  readily.  At  other  times  they  are  of 
course  impassable.  The  effects  of  this  inflow  are  felt  as  far  inland 
as  Fredericton.  Grand  lake  lies  near  the  centre  of  the  great  inland 
Carboniferous  basin  and  the  shores  are  generally  low  and  somewhat 
level.  This  lake  forms  the  outlet  by  schooners  for  much  of  the  coal 
mined  near  its  upper  part  in  the  Newcastle  basin. 

Among  other  lakes  are  those  of  the  Chiputneticook  chain  on  the 
St.  Croix  in  Charlotte  county,  the  Maguagadavic  and  Oromocto  in 
southern  York  and  the  South  Oromocto  in  the  northeast  corner  of 
Charlotte,  in  which  area  numbers  of  small  lakes  occur.  Many  small 
lakes  are  also  found  around  the  headwaters  of  the  south  branch  of  the 
Tobique  and  the  Nipisiguit  and  in  the  country  drained  by  the  Mira- 
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michi.  The  northern  portion  of  the  province  shows  but  few  lakes 
though  thickly  intersected  by  streams. 

The  agricultural  capacity  of  a  country  usually  depends  to  a  large 
extent  on  the  character  of  its  underlying  rock  formations.  In  thii 
respect  large  portions  of  the  province  are  of  necessity,  owing  to  the 
presence  of  masses  of  granitic  and  other  hard  rocks,  almost  barren 
since  the  destruction  of  the  original  timber  growth  which  at  one 
time  probably  covered  the  greater  part  of  the  surface.  Much  of  this 
timber  in  the  central  and  northern  plateau  along  the  Miramichi  was 
destroyed  by  great  fires,  especially  by  that  known  as  the  'Mira- 
michi fire,'  of  1825,  in  which  the  soil  of  the  mountain  portion  was 
practically  burnt  off,  so  that  many  of  these  hill  ranges  are  now  bare 
masses  of  rock  interspersed  with  small  shrubs  or  low  bushes  only. 

The  portions  best  adapted  for  farming  are  those  underlaid  by  the 
slates  and  limestone  of  the  Upper  Silurian  formations  and  by  the 
red  rocks  of  the  Lower  Carboniferous.  Of  these  the  former  include 
a  large  part  of  the  northern  division  from  a  line  extending  north- 
east from  the  vicinity  of  the  town  of  Woodstock  on  the  St.  John 
river  to  the  headwaters  of  the  Tobique  and  thence  across  to  Chaleur 
bay  a  few  miles  north  of  Bathurst.  Other  areas  underlaid  by  these 
rocks  are  found  adjacent  to  the  lower  St.  John.  Much  of  the  north- 
ern area  is  still  heavily  covered  by  timber,  unopened  by  roads,  and 
consequently  almost  entirely  unsettled. 

On  the  red  rocks  of  the  Lower  Carboniferous  excellent  farming 
lands  are  found  about  Bathurst  on  the  north  and  in  the  valley  of  the 
Tobique;  while  in  the  southern  part  they  occur  along  the  valley  of 
the  Kennebecasis  river,  and  in  parts  of  Kings,  Albert  and  West- 
morland counties. 

A  large  part  of  the  great  triangular  area  occupied  by  rocks  of  the 
Middle  Carboniferous  of  the  central  and  eastern  basin,  where  these 
rocks  are  often  greyish  and  sandy,  is  not  largely  productive,  the  result- 
ing soils  being  light  and  hungry,  but  occasionally  there  are  belts  of 
reddish  shale  which  are  valuable  from  the  agricultural  standpoint 
The  rougher  portions  of  the  province  are  underlaid  by  masses  of  hard 
igneous  rocks,  comprising  granite,  diorite,  &c,  the  decomposition  of 
which  is  much  slower  than  the  comparatively  soft  sediments  of  the 
sedimentary  series. 

The  geological  features  of  the  province  will  be  found  described 
in  the  accompanying  report  on  this  subject.  They  range  from  P re- 
Cambrian,  which  includes  all  those  of  a  date  earlier  than  the  ear- 
liest known  fossiliferous  Cambrian  formations,  upward  into  the  upper 
or  Permo-Carbonii'erous,  with  small  isolated  patches  of  Triassic  sand- 
stone and  trap.  The  descriptions  of  the  various  economic  minerals 
found  in  these  several  formations,  with  their  general  distribution, 
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will  be  found  in  the  accompanying  report  on  '  Mineral  Resources.' 

The  animal  and  plant  life  of  the  province  has  been  described  quite 
fully  by  various  writers.  It  is  not  considered  necessary  to  repro- 
duce the  results  of  their  studies  fully  in  this  paper. 

Generally  speaking  the  game  animals  include  the  three  great 
divisions  of  the  deer  family,  the  moose,  caribou  and  the  red  deer, 
which  in  the  last  few  years,  owing  to  careful  preservation,  have 
become  very  abundant  in  all  parts  of  the  province.  The  great  area 
of  wilderness  lands  about  the  upper  waters  of  the  Miramichi,  the 
Tobique  and  Nipisiguit  especially  abound  with  these  animals,  though 
in  the  unsettled  portions  of  Charlotte,  Kings,  Kent  and  eastern 
Queens  they  are  also  numerous.  Black  bears  are  plentiful  and 
extensively  hunted.  Among  smaller  animals  (Carnivora)  the  wild 
cat,  loup  cervier,  several  varieties  of  the  fox,  including  the  red, 
grey  and  black,  are  found  in  considerable  numbers,  the  mink,  martin 
or  sable,  otter,  raccoon,  fisher,  ermine  and  the  skunk  are  also  abundant 
and  are  hunted  for  their  furs.  On  the  coasts  seals  of  several  kinds 
are  frequently  observed. 

Among  the  rodentia,  the  beaver,  which  had  some  years  ago  become 
nearly  extinct,  has  recently,  owing  to  careful  protection,  again  be- 
come fairly  plentiful.  Porcupines,  rabbits  (hares)  and  squirrels, 
especially  the  red,  flying  and  ground  varieties,  the  woodchuck  and  the 
muskrat  abound,  though  in  recent  years  the  black  and  grey  varieties 
of  the  squirrel  appear  to  have  practically  disappeared.  Of  cetacea, 
whales  are  occasionally  seen  and  are  sometimes  stranded  in  the  shal- 
low shores  of  the  Bay  of  Fundy  owing  to  the  rapid  retreat  of  the  tidal 
waters,  while  black-fish,  grampus  and  porpoise  are  also  found. 

The  bird  life  is  numerous.  Lists  of  these  were  published  in  1865, 
by  Professor  Hind,  and  later  by  Mr.  Montague  Chamberlain,  the 
latter  appearing  in  the  Bulletins  of  the  Natural  History  Society  of 
St.  John,  1882.  Valuable  papers  relating  to  the  physiography,  history 
and  general  features  of  the  province  have  also  appeared  in  the  bul- 
letins of  the  same  society,  the  results  of  the  work  and  investigations 
of  Professor  W?  F.  Ganong. 
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GEOLOGICAL  DIVISIONS  IN  NEW  BRUNSWICK. 


COMPARISON  OF  NOMENCLATURE  OF  REPORT,  1870-1,  WITH  THAT  OF  1907. 


1870-1. 

Laurentlan. 

Huronian:  Kingston, 
Coldbrook,  Coastal. 

Cambrian,     St.  John 
group. 

Mascarene  series. 

Dark  argUlite  series. 

Pale  argillite  series. 

Devonian: 

Bloomsbury, 

Dadoxylon, 

Cordalte, 

Mispeck. 

Perr.v  Sandstone  group; 
Lower  Carboniferous. 

Lower  Carboniferous. 


Carboniferous:  Middle, 
nnd  Upper. 


New  Rfd  sandstone,  or 
Trias. 

Intrusive  rocks. 


1907. 

Pro-Cambrian,  in  part  igneous  and  in  part 
altered  Silurian  and  Devonian. 

Pre-Cambrian  wltb  associated  Igneous 
masses. 

Cambrian,  Etchemlnian,  div.  O  at  bas<> 
Cambrian  divs.  1,  2  and  3. 

Slluro-Devonlan. 

Upper  Silurian,  in  part  raetamorphlc. 

Devonian,  not  yet  divided. 

Bloomsbury  division  at  base. 

Dadoxylon  sandstone  and  sbale. 

Cordalte  shale  and  sandstone. 

Mispeck  shales  and  conglomerate. 

Perry  conglomerate,  shale  and  sandstone. 

Upper  division  of  the  Devonian,  Including 
the  'Albert  Shales.' 

Marine  limestone,  gypsum,  conglomerates 
at  base,  shales,  sandstone,  &c.  below  the 
Millstone-grit 

Millstone-grit,  Upper  or  Permo-Carbonlfer- 
ous  of  the  east  coast,  the  productive  coal 
measures  of  Nova  Scotja  being  apparently 
absent. 

Trias  of  the  south  coast 

Granite,  gabbro,  dlorlte  and  diabase,  fel- 
slte.  &c.  of  various  age. 
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PART  II. 


GEOLOGY. 

The  literature  pertaining  to  the  geology  of  New  Brunswick 
extends  over  a  period  of  nearly  half  a  century,  and  expresses  the 
views  of  nearly  a  score  of  observers.  It  has  become  at  length  so 
voluminous  as  to  be  in  a  manner  somewhat  unintelligible  to  one  not 
familiar  with  the  province  and  the  peculiar  geological  problems  there 
printed.  For  this  reason  it  has  been  deemed  advisable  to  produce, 
in  concise  form,  an  epitome  of  the  work  done  and  the  opinions  held, 
from  time  to  time,  by  those  who  have  laboured  in  this*  field.  This 
is  especially  necessary  when  we  consider  that  no  matter  how  interest- 
ing the  subject  but  few  persons  have  the  time  for  careful  perusal 
of  all  the  reports  bearing  on  this  special  field,  many  of  which  also 
are  now  not  to  be  obtained,  having  been  long  out  of  print. 

In  addition  to  a  brief  summary  of  the  results  obtained  by  the 
earlier  workers  in  this  field  the  conclusions  arrived  at  from  the 
latest  study  of  the  problems  there  presented  will  be  given. 

The  systematic  study  of  the  geological  structure  of  New  Bruns- 
wick may  be  said  to  have  begun  with  the  appointment,  by  the  Local 
government,  to  the  position  of  provincial  geologist  in  1838  of  Dr. 
A.  Gesner,  a  man  of  undoubted  ability.  The  results  of  his  labours 
were  presented  in  a  series  of  reports  which  may  be  said  to  consti- 
tute the  basis  of  our  knowledge  in  this  direction.  The  first  of  these, 
appearing  in  that  year,  embraced  the  results  of  his  examination  of 
the  country  bordering  on  the  Bay  of  Fundy,  west  of  the  St.  John 
river,  and  along  that  stream  as  far  up  as  Fredericton.  This  was 
followed,  in  1839,  by  a  report  on  the  coast  district  east  of  St.  John 
extending  to  the  head  of  Shepody  bay,  with  a  brief  description  of 
the  Tormentine  peninsula  and  the  country  along  the  Hammond 
river.  His  third  season's  work  embraced  generally  the  counties  of 
St.  John  and  Kings  with  a  very  complete  description  of  the  Grand 
Lake  coal-field.  The  fourth  described  the  western  portion  of  the 
province  as  far  north  as  Woodstock,  on  the  River  St.  John,  with  the 
country  contiguous  to  that  river,  as  well  as  the  character  of  the  coal- 
fields lying  along  the  Main  Southwest  Miratnichi  river,  while  the 
fifth  included  generally  the  area  lying  north  of  a  line  extending  from 
Woodstock  to  Bathurst,  on  Chaleur  bay. 
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Considering  the  state  of  geological  science  in  that  early  day,  the 
reports  of  Dr.  Qeener  contained  a  large  amount  of  valuable  informa- 
tion. It  must  be  borne  in  mind  that  the  nomenclature  of  the  science 
was  very  limited.  The  grand  formation  which  now  comprises  the 
fundamental  rocks  of  our  record,  the  Laurentian,  had  not  then  received 
its  now  world-wide  designation,  nor  had  the  term  Huronian  been 
even  thought  of.  The  divisions  into  Primary  and  Secondary,  Old 
and  New  Red  Sandstone,  coal  measures  and  granitic  rocks,  composed 
the  bulk  of  the  geological  scale. 

There  could,  therefore,  have  been  no  attempt  to  separate  the  rocks 
of  the  older  systems  into  such  an  arrangement  as  now  exists.  But 
Gesner  evidently  did  a  large  amount  of  good  work  in  the  delineation 
of  his  areas  of  coal  measures  and  new  red  sandstones,  his  Transition 
or  slate  and  limestone  group,  and  his  volcanic  rocks,  though  many 
of  his  boundaries  were,  of  necessity,  from  the  sparsely  settled  and,  in 
consequence,  comparatively  inaccessible  character  of  the  country,  far 
from  correctly  laid  down,  and  the  stratigraphical  order,  as  given  in 
his  reports,  is,  in  some  cases,  the  reverse  of  what  is  now  known  to 
be  the  true  position. 

He  pointed  out  also  the  presence  of  the  two  great  areas  of  granitic 
rocks  which  traverse  the  province,  one  along  its  southern  portion, 
the  other  diagonally  across  the  northern  half,  extending  south- 
westerly into  the  State  of  Maine,  where  these  two  areas  evidently 
unite.  They  were  considered  by  him  as  of  Primary  age,  and  included 
a  large  proportion  of  the  felsitic  rocks,  with  which,  in  some  places, 
the  granites  are  intimately  connected.  He  held  that  these  so-called 
Primary  ridges  were  flanked  by  beds  of  Cambrian  age,  consisting 
of  slates  and  hard-grained  sandstone,  styled  by  him  greywflck*\ 
while  to  the  north  of  the  northerly  belt  the  great  Silurian  fossilifer- 
ous  area  of  slates  and  limestones  was  clearly  indicated.  Then,  as 
now,  the  geology  of  the  southern  part  of  the  province  was  found  to  be 
much  more  complicated  than  that  of  the  northern  portion.  The 
igneous  rocks  were  arranged  into  two  belts,  the  one  composed  of 
true  granite  and  syenite,  with  mica  or  hornblende,  the  represents- 
tives  of  the  red  granitic  areas  now  recognized  in  Charlotte  county 
and  western  Kings;  the  rocks  composing  the  other  comprised  a  large 
portion  of  the  old  Pre-Cambrian  syenites  and  felsitee  of  the  present 
day,  and  were  regarded  as  intrusive  and  as  overflowing  the  schistose 
strata  with  which  they  are  associated. 

Resting  upon  the  flanks  of  these  intrusive  ridges  were  two  great 
series,  one  containing  the  limestones  afterwards  regarded  as  of 
Laurentian  age,  together  with  certain  slates  about  St.  John,  and 
classed  as  the  lower  series;  another  portion,  consisting  of  sandstones 
and  slates  and  holding  fossil  plants  and  tree  stems,  was  recognued  as 
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an  upper  or  newer  division.  These  two  groups,  the  lower  of  which 
was  supposed  to  belong  to  the  Silurian  system,  were  held  to  pertain 
to  the  greywacke  or  transition  series  and  to  overlie  another  area  of 
schists,  sandstones,  conglomerates,  &c.,  unconformable,  which,  from 
an  apparent  absence  of  organic  remains,  was  styled  Primary. 

Concerning  the  rocks  which  underlie  directly  the  great  central 
Carboniferous  area,  the  limestones  were  correctly  placed  in  the 
lower  portion  of  that  system,  but  the  associated  red  sandstone,  con- 
glomerates and  marls,  together  with  similar  rocks  in  the  valley  of  the 
Kennebecasis  and  Petitcodiac  rivers,  were  regarded  as  of  more  recent 
age  and  referred  to  the  horizon  of  the  New  Bed  Sandstone;  while 
other  red  sediments  on  the  St  John  river,  near  Hampstead,  were 
regarded  as  older  and  of  the  age  of  the  Old  Red  Sandstone.  The 
areas  of  soft  red  sandstones  and  shales  along  the  Bay  of  Fundy,  at 
Quaco  and  at  other  points  east  of  St.  John,  were  also  regarded  as 
of  New  Red  Sandstone  age. 

Reviewing  the  reports  of  Dr.  Gesner  one  can  hardly  fail  to  be 
impressed  with  his  evident  desire  to  convince  the  government,  and 
through  it  the  people,  that  the  mineral  resources  of  the  province 
were  practically  limitless.  This  is  more  particularly  the  case  in 
regard  to  the  central  coal  basin  and  the  iron  ore  deposits  of  Kings 
and  Queens  counties;  and  this  feature  has  been  ably  criticized  by 
the  late  Dr.  Robb  in  his  subsequent  report  on  the  coal-fields  of  the 
province,  published  in  the  report  of  Professor  Johnson  on  the  agri- 
cultural resources  of  New  Brunswick,  in  which  he  clearly  points  out 
the  unwarrantable  exaggerations  of  Dr.  Gesner  as  to  the  boundless 
stores  of  mineral  wealth. 

Doubtless  many  false  hopes  were  raised  by  this  unwise  policy,  and 
ground  was  given  for  much  unprofitable  controversy,  before  the  true 
geological  relations  of  the  Carboniferous  rocks  were  finally  estab- 
lished. To  his  researches,  however,  we  must  ascribe  the  discovery 
of  that  wonderfully  rich  mineral  deposit  called  generally  '  Albert 
coal,'  and  concerning  the  true  character  and  composition  of  which 
he  appears  to  have  had  a  just  judgment,  regarding  it  as  an  altered 
asphalt  in  the  face  of  the  combined  opposition  of  the  majority  of  the 
leading  scientists  of  the  day. 

It  is  unfortunate  that  although  Dr.  Gesner  spent  the  greater 
part  of  five  years  in  his  preliminary  surveys  of  this  province  his 
labours  ended  without  the  publication  of  any  geological  map  which 
might  embody  the  result  of  the  very  large  amount  of  exploratory 
work  he  evidently  accomplished;  and  this  is  the  more  to  be  regret- 
ted since  many  of  the  points  so  graphically  described  by  him  lose,  in 
consequence,  very  much  of  their  actual  value  to  the  general  reader. 
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Following  Dr.  Gesner,  the  next  writer  on  the  subject  was  the  late 
Dr.  Eobb,  of  King's  College,  Fredericton  (now  the  University  of 
New  Brunswick),  who,  in  1849-50,  published  a  geological  map  which 
is  embodied  in  the  report  of  Professor  Johnson,  already  referred  to, 
and  contributed  a  chapter  to  that  work.  Comparing  this  map  with 
the  reports  just  described  it  will  be  seen  that  a  considerable  advance 
has  been  made  both  as  regards  stratigraphy  and  nomenclature.  The 
Primary  and  Transition  groups  arc  now  arranged  under  the  head  of 
Cambrian  and  Lower  and  Upper  Silurian,  but  no  distinction  was 
made  in  the  red-coloured  sediments,  the  whole  being  massed  under 
one  heading,  though  comprising  areas  which  range  from  the  Devonian 
to  the  top  of  the  Upper  Carboniferous.  He,  however,  clearly  under- 
stood the  true  position  of  the  Lower  Carboniferous  sandstones  and 
conglomerates  as  underlying  the  coal  measures — from  which  arrange- 
ment Dr.  Gesner  dissented. 

The  belts  of  granite,  both  of  the  northern  and  southern  areas,  were 
indicated  roughly,  but  much  of  what  is  now  called  Pre-Cambrian, 
embracing  a  great  thickness  of  volcanic  rocks,  was  included  under 
the  head  of  traps,  syenites,  feldspar-porphyries,  &c ;  while  the  Cam- 
brian rocks  were  supposed  to  include,  not  pa  much  the  recognized 
Cambrian  of  the  present  day,  as  what  are  among  the  oldest  of  the 
Pre-Cambrian  rocks,  viz.,  the  limestones,  syenites  and  gneisses,  with 
associated  slates  at  one  time  regarded  as  a  part  of  the  Lauren tian 
system.  The  limits  of  the  central  Carboniferous  basin  were  outlined 
with  considerable  correctness,  and  the  various  coal  crops  clearly  de- 
fined. 

Dr.  Robb  also  seems  to  have  perfectly  understood  the  general 
unproductiveness  of  this  area,  and  to  have  vigorously  confuted  the 
exaggerated  statements  previously  made  concerning  its  economic 
importance. 

In  the  northern  portion  of  the  province  the  boundaries  of  the 
great  Silurian  area  north  of  the  Tobique  river,  in  so  far  as  acces- 
sible, were  quite  correctly  delineated,  though,  as  communication  was 
necessarily  difficult,  the  various  geological  features  were  otherwise, ' 
for  a  great  part  of  the  area,  largely  conjectural. 

Following  the  publications  of  Dr.  Robb  the  next  papers  on  the 
subject  are  brief  articles  by  Messrs.  Jackson  and  Taylor,  bearing 
principally  upon  the  disputed  mineral  of  the  Albert  mine.  These 
appeared  in  1851,  and  were  succeeded  in  1852  by  another,  published 
in  the  Geological  Journal,  London,  on  the  structure  and  geological 
relations  of  this  famous  deposit,  by  Mr.  J.  W.,  afterwards  Sir  WiDism 
Dawson. 

Perley'e  Handbook  for  Emigrants,  while  containing  some  informa- 
tion concerning  the  geological  structure  of  the  province,  can  scarcely 
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be  said  to  have  advanced  our  knowledge  greatly;  since  the  remarks 
there  contained  were  taken  largely  from  the  works  of  previous 
writers.  But  in  1855  the  first  edition  of  the  Acadian  Geology  con- 
tained two  chapters  relating  to  this  province,  the  former  of  which, 
pertaining  to  the  Carboniferous  system,  is  a  valuable  contribution, 
and  the  conclusions  there  expressed  as  to  the  horizon  of  the  central 
area,  as  well  as  the  divisions  of  the  southeastern  portion  in  Albert 
county,  have  been  very  fully  confirmed  by  the  most  recent  investi- 
gations. 

Concerning  the  older  series  of  rocks  developed  about  St.  John  suf- 
ficient work  had  not  at  that  time  been  done  to  determine  their  true 
age.  The  richly  foesiliferous  Primordial  or  Cambrian  slates  of  that 
city  and  of  the  Hammond  River  valley  to  the  eastward  had  not  then 
been  studied;  and  only  a  few  imperfect  remains  had  been  found, 
whose  age  could  not  be  ascertained.  As  a  consequence  the  Pre- 
Cambrian  age  of  the  rocks  which  unconformably  underlie  these  at 
many  points  could  not  be  established,  while  opportunities  for  com- 
parison between  the  crystalline  portion  and  the  recognized  Lauren- 
tian  and  Huronian  of  Ontario  and  Quebec,  which,  through  the 
labours  of  Logan,  Murray  and  Hunt,  had  now  come  into  great  prom- 
inence, were  not  sufficient  to  establish  their  true  position  on  litho- 
logical  grounds.  The  conclusions  on  this  area  then  stated,  in  default 
of  extended  personal  observations,  were  therefore  of  necessity  largely 
those  of  Dr.  Robb,  who  at  that  time,  and  in  fact  for  some  years  later, 
was  regarded  as  the  standard  authority  on  New  Prunswick  geology. 

During  the  succeeding  years  to  1860  but  little  geological  work 
appears  to  have  been  done,  except  in  a  desultory  way;  but  about 
that  date  several  young  gentlemen  of  St  John,  notably  Messrs. 
Hartt  and  the  brothers  Q.  F.  and  C.  R.  Matthew,  began  the  careful 
systematic  study  of  the  rock  formations  about  that  city.  They  were 
ably  assisted  by  Professor  L.  W.  Bailey,  who  had  lately  been  appointed 
to  the  chair  of  Natural  History  in  the  University  of  New  Brunswick, 
which  had  become  vacant  through  the  death  of  Dr.  Robb.  These 
gentlemen  were  fortunate  in  discovering  a  rich  fauna  and  flora  in 
many  of  the  beds,  both  in  the  city  itself  as  well  as  at  various  points 
to  the  east  and  west.  The  collected  fossils  were  submitted  to  Sir 
J.  W.  Dawson,  the  principal  of  McGill  College,  and  the  recognized 
authority  on  fossil  botany,  who  speedily  determined  the  horizon  of  a 
portion  of  the  strata  as  Devonian,  while  the  fauna  of  another  portion 
clearly  appertained  to  a  much  older  period.  The  results  of  these 
examinations  were  first  made  public  in  a  paper  read  before  the 
Natural  History  Society  of  Montreal,  in  1861,  and  the  Devonian 
character  of  the  flora  fully  stated.  In  the  same  paper,  however,  the 
author  stated  that  the  associated  slates  and  limestones,  regarded  by 
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Robb  as  Cambrian,  but  whose  relations  had  not  been  clearly  made 
out,  might  possibly  belong,  on  stratigraphies!  grounds,  to  the  Devon- 
ian or  Silurian.  These  results  were  also  communicated,  in  a  much 
more  extended  form,  in  a  paper  to  the  Geological  Society  of  London, 
published  in  1862;  in  which  also  it  was  stated  that  the  Devonian 
might  possibly  include  what  is  now  known  to  be  Primordial,  as  well 
as  the  so-called  Laurentian  gneisses,  limestones  and  associated  rocks. 

It  will  thus  be  seen  that  the  geology  of  this  section  was  an  exceed- 
ingly difficult  problem  to  decipher  and  one  requiring  great  strati- 
graphical  skill,  as  well  as  extensive  knowledge  of  the  obscure  fossil 
forms  that  were  being  discovered  from  time  to  time,  the  horizon 
of  which  had  not  yet  been  accurately  determined;  and  it  was  not 
until  several  years  later  that  light  began  to  break  in  upon  this  intri- 
cate question;  for  in  the  next  publication  on  this  subject,  which  was 
a  communication  from  Mr.  G.  F.  Matthew  to  the  Canadian  Natur- 
alist in  1863,  while  re-casting  the  groups,  as  stated  by  Principal 
Dawson  in  the  previous  year,  and  giving  them  local  names,  he  failed 
to  see  any  real  ground  for  the  separation  of  the  metamorphic 
portion,  comprising  the  limestones,  gneisses,  &c,  from  the  fossil- 
iferous  Devonian.  He,  however,  gave  the  name  of  'Portland,'  to 
the  lowest  members  of  the  group,  from  the  fact  of  their  being  exten- 
sively developed  in  that  suburb  of  St  John,  and  assigned  them  to 
the  horizon  of  the  lower  Devonian,  or  possibly  the  upper  part  of  the 
Silurian  system. 

To  an  apparently  overlying  series,  embracing  a  considerable 
thickness  of  greenish  grey  slates,  red,  slaty  conglomerates  and  shales, 
with  red  conglomerates,  grits  and  hard  grey  sandstone,  the  name 
'  Coldbrook '  was  given,  while  a  third  division,  styled  the  '  St  John 
group,'  comprised  a  series  of  dark  grey  slates  and  sandstones,  to  a 
great  extent  the  Primordial  of  the  present  day,  in  which  were  found 
a  lingula  and  several  other  obscure  fossils. 

His  succeeding  group,  the  '  Bloomsbury,'  while  largely  of  volcanic 
origin,  included  in  its  upper  part  some  five  hundred  feet  of  slates 
and  conglomerates,  apparently  devoid  of  fossils;  overlying  which 
came  the  Little  River  and  Mispec  groups,  largely  composed  of  sand* 
stones,  slates  and  conglomerates  of  various  colours,  but  distinguished 
in  places  by  a  great  abundance  of  fossils,  principally  plants,  though 
comprising  also  crustaceans  and  the  remains  of  insects. 

The  apparent  difficulty  of  separating  the  metamorphic  portion 
from  the  fossiliferous  and  recognized  Devonian,  arose  in  great 
measure  from  the  seeming  interstratification  of  the  various  groups, 
and  the  complicated  structure  arising  from  the  enfolding  of  newer 
strata  with  those  of  great  antiquity,  due  to  a  series  of  anticlines 
which  are  often  completely  overturned,  in  conjunction  with  profound 
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faults;  and  it  was  not  until  the  researches  of  another  year  by  those 
indefatigable  workers,  Messrs.  O.  F.  and  C.  R.  Matthew,  that  the  beds 
which  the  former  gentleman  had  designated  the  St.  John  group,  and 
which  had  for  a  long  time  been  known  to  hold  certain  obscure  traces 
of  organic  life,  disclosed  a  new  and  entirely  unexpected  suite  of  fos- 
sils. These  included  brachiopods  and  trilobites,  the  latter  in  con- 
siderable variety,  but  generally  of  small  size,  which,  on  comparison 
with  the  published  memoirs  of  Barrande  on  the  Primordial  of  Europe, 
resulted  in  the  establishment  of  a  similar  Primordial  zone  in  New 
Brunswick,  a  discovery,  the  importance  of  which  in  relation  to  the 
elucidation  of  the  geology  of  this  section,  can  scarcely  be  overrated. 

The  credit  of  solving  this  difficult  problem  is  largely  due  to  the 
late  Mr.  C.  F.  Hartt,  one  of  the  earliest  and  most  zealous  workers  in 
this  field,  who  at  that  time  was  engaged  in  the  Museum  of  Compara- 
tive Zoology  in  Harvard  College.  The  results  of  his  investigations 
on  the  fossils  collected  by  the  Messrs.  Matthew  in  1862,  and  by 
himself  in  the  following  year,  were  communicated  in  a  preliminary 
paper  to  Professor  Bailey  in  1864,  and  published  in  the  '  Observations 
on  the  Geology  of  Southern  New  Brunswick'  by  that  author  in 
1865. 

The  discovery  of  the  Primordial  or  Cambrian  zone  in  the  vicinity 
of  St,  John  worked  an  entire  revolution  in  the  stratigraphy  of  that 
portion  of  the  province.  The  puzzling  admixture  of  the  most  highly 
metamorphic  rocks  with  those  entirely  unaltered  and  abounding  in 
fossils  was  again  investigated,  and  by  the  aid  of  the  new  light  a  toler- 
ably clear  knowledge  of  the  structure  was  obtained.  The  map 
accompanying  the  report  just  referred  to,  as  compared  with  the 
hitherto  recognized  standard  of  Dr.  Robb,  shows  many  important 
changes  in  the  various  geological  formations.  One  of  the  first  cor- 
rections made  was  the  transposition  of  the  crystalline  limestones, 
gneisses  &c,  from  their  former  doubtful  position  to  their  proper 
place  below  the  Cambrian,  which  was  found  to  overlie  them  uncon- 
formably  at  various  points;  whilst  their  resemblance  to  recognized 
Laurentian  rocks  of  Ontario  and  Quebec,  which  had  already  been 
pointed  out  by  Sir  William  Dawson,  rendered  it  exceedingly  prob- 
able that  they  might  occupy  a  similar  position  in  the  geological 
record.  They  were,  therefore,  so  arranged,  and  have  since  been 
regarded  by  most  geologists,  as  among  the  fundamental  rocks  of  the 
province. 

The  lithological  characters  of  the  various  rocks  which  compose 
these  Azoic  or  Eozoic  strata  have  been  given  in  different  papers  on 
the  subject.  Their  high  degree  of  metamorphism  was  commented 
on  by  Sir  William  Dawson  as  early  as  1861,  and  the  descriptions  of 
the  several  divisions  of  slates,  limestones,  quartzites,  syenites  and 


NEW  BRUNSWICK 


gneiss  were  subsequently  stated  in  Professor  Bailey's  report  in  1&65, 
under  the  heading  of  the  '  Portland  group,'  and  will  be  considered 
later. 

Following  the  paper  of  Mr.  Matthew  in  1863,  on  the  rocks  in  the 
vicinity  of  St.  John,  appeared  one  by  Professor  L.  W.  Bailey  in  the 
Canadian  Naturalist,  detailing  observations  made  in  1863  during  a 
canoe  voyage  across  the  northern  part  of  the  province,  by  way  of  the 
Tobique  and  Nipisiguit  rivers.  The  paper  is  of  special  interest  as 
giving  us  the  first  scientific  account  of  the  geology  and  botany  of  the 
country  along  these  Btrcams;  since  on  the  map  of  Dr.  Robb,  while 
the  areas  of  Upper  Silurian  and  Lower  Carboniferous  on  the  Tobique 
wore  laid  down  with  tolerable  accuracy,  the  boundaries  of  the  forma- 
tions on  the  other  streams  flowing  east  to  Chaleur  bay  were  largely 
imaginary.  The  great  areas  of  felsites  and  other  crystalline  rocks 
about  the  headwaters  of  the  Nipisiguit  were  noted  by  Professor  Bailey, 
though  their  age  was  not  determined,  and  the  Lower  Silurian 
aspect  of  the  strata  on  the  lower  portion  of  this  stream  was  pointed 
out.  This  was  followed  in  the  same  year,  1864,  by  his  1  Notes  on 
the  Mineral  Resources  of  New  Brunswick/  which,  while  giving  noth- 
ing specially  new  in  reference  to  the  geology,  contained  much  inter- 
esting matter  concerning  the  mining  industries,  then  in  their  infancy. 
It  was  in  turn  followed  the  next  year,  1865,  by  two  reports  on  the 
geology  of  the  province,  the  first  by  Professor  Bailey  on  the  southern 
portion  already  alluded  to,  and  the  second  by  Professor  H.  Y.  Hind, 
also  on  its  general  geology,  but  more  specially  of  interest  in  reference 
to  the  northern  portion,  and  containing  much  information  on  the 
minerals  of  economic  value.  In  both  of  these*  a  marked  increase  in 
the  nomenclature  of  the  science  is  manifest.  The  researches  of  Prof. 
Hartt  on  the  Primordial,  already  noted,  led  not  only  to  the  separa- 
tion of  a  portion  of  the  crystalline  rocks  as  Laurentian,  but  made  a 
still  further  stride  by  the  removal  of  a  second  portion,  lying  strati- 
graphically  between  the  Laurentian  and  the  Cambrian,  which  was 
erected  into  a  distinct  group  with  the  title  of  Coldbrook,  and  assigned 
to  the  Huronian  system*  This  division  was  in  time  subdivided  into 
an  upper  and  lower,  the  former  of  which,  consisting  largely  of  reddish 
strata,  was  regarded  as  of  purely  sedimentary  character,  while  the 
latter,  composed  largely  of  hard,  greenish  rocks,  was  held  to  be 
chiefly  of  volcanic  origin,  the  thickness  of  the  whole  being  estimated 
at  5,000  feet. 

The  recognized  areas  of  Huronian  rocks  were,  however,  as  yet  very 
limited.  The  intricate  stratigraphy  of  the  south  coast  still  prevented 
the  separation  of  much  of  what  is  now  known  to  be  of  that  age  from 
the  position  it  had  so  long  held  as  presumably  Devonian  or  Silurian. 
From  their  apparently  interstratified  position  among  the  plant  bear- 
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ing  beds  of  the  former,  at  several  points  east  of  St.  John,  it  was 
inferred  that  a  great  thickness  of  strata,  highly  metamorphic  in 
character,  and  now  known  to  be  among  the  oldest  in  the  province, 
constituted  an  integral  portion  of  that  series. 

This  belt,  which  has  an  extensive  development  in  eastern  St.  John, 
Kings  and  Albert  counties,  has  since  been  found  to  unconformably 
underlie  rocks  of  Primordial  age. 

Another  great  group  of  rocks,  also  for  the  most  part  highly  meta- 
morphic, and  designated  by  the  term  *  Kingston/  was  brought  pro- 
minently into  notice  in  the  same  report.  More  difficult,  apparently, 
of  location  than  even  the  Coldbrook,  its  exact  position  could  not, 
at  that  time,  be  determined  by  the  New  Brunswick  geologists,  and 
a  suite  of  specimens  was  accordingly  submitted  to  the  inspection  of 
Sir  J.  W.  Dawson  and  Dr.  Hunt  of  Montreal. 

The  lithological  characters  of  the  group  were  stated  to  be  very 
like  those  found  in  the  rocks  of  the  Cobequid  series  of  Nova  Scotia, 
which  were  then  regarded  as  of  Upper  and  Middle  Silurian  age. 
It  was  also  stated  that  possibly  portions  of  the  group  might  pertain 
to  the  Devonian  system,  from  their  resemblance  to  the  supposed 
Devonian  of  southeastern  New  Brunswick,  while  the  similarity  of 
many  of  the  rocks  to  older  or  true  Plutonic  masses  was  also  pointed 
out.  The  true  position  of  this  group  of  rocks,  which  has  a  consi- 
derable development  in  the  southern  part  of  the  province,  will  be 
considered  later. 

The  Devonian  of  this  area,  as  described  in  the  report  in  question, 
has,  since  its  publication,  been  greatly  modified.  It  became  evident, 
as  the  relations  of  the  Huronian  and  Primordial  were  more  fully 
understood,  that  a  considerable  thickness  of  what  was  styled  the 
Bloomsbury  group,  which  represented  the  lower  portion  of  the  Devo- 
nian, possessed  lithological  characters  very  similar  to  much  of  what 
was  now  called  Coldbrook,  and  that  it  was  separable  into  two  parts, 
the  upper  of  which  only, — embracing  some  500  feet  of  sandstones, 
shales  and  conglomerates, — was  referable  to  the  Devonian ;  the  lower 
portion,  which  was  largely  volcanic,  being  transferred  to  the  Pre- 
Cambrian. 

The  Little  River  group,  the  second  division,  was  also  clearly 
separable  into  two,  the  Dadoxylon  sandstone  and  the  Cordaite 
shales;  the  former  of  which,  consisting  for  the  most  part  of  hard 
grey  sandstones,  shales  and  grits,  and  representing  a  total  thickness 
of  about  2,800  feet,  was  characterized  throughout  by  a  wonderfully 
rich  and  important  flora,  of  which  large  collections  were  made  and 
carefully  determined  by  Sir  J.  W.  Dawson. 

The  second  subdivision  of  the  Little  River  group  was,  in  1865, 
held  to  embrace  rocks  of  very  dissimilar  character.    In  addition  to 
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fine  shales  nnd  sandstones,  holding  the  remains  of  Cordaites  from 
which  the  formation  received  its  name,  it  was  thought  that  a  great 
thickness  of  metamorphic  rocks,  chloritic  and  talcose  schists,  fel- 
sites,  &c,  presenting  a  marked  resemblance  to  strata,  which  at  a 
later  period  were  recognized  as  Huronian,  constituted,  from  their 
supposed  position  upon  the  Dadoxylon  sandstone,  an  upper  part  of  the 
same  series. 

This  view  was  entertained  for  some  years,  or  until  the  subsequent 
study  of  the  formations  on  the  east  side  of  the  St.  John  harbour 
disclosed  the  fact  that  the  apparent  position  of  the  metamorphic  upon 
the  unaltered  portion  was  due  to  an  overturn,  or  possibly  to  a  sliding 
fault  The  error  thus  stated  in  1865,  and  repeated  by  Professor  Hind 
in  his  report  in  the  same  year,  was  again  reproduced  in  the  geological 
map  which  accompanied  the  second  edition  of  the  Acadian  Geology 
in  1868;  but  it  was  Boon  afterwards  discovered  by  the  local  geolo- 
gists, and  the  metamorphic  portion  was  separated,  and  established  as 
a  division  of  the  Huronian,  under  the  title  of  the  '  Coastal  group.' 

The  supposed  highest  beds  of  Devonian  age  were  arranged  under 
the  head  of  the  Mi  spec  group.  They  consisted  principally  of  reddish 
conglomerates  and  slates,  the  former  holding  fragments  of  felsitic 
rocks,  red  sandstones  and  slaty  limestones  in  a  reddish  slaty  paste. 
These  were  not  found  to  contain  fossils. 

Passing  to  the  consideration  of  the  next  system  we  find  the  general 
outlines  of  the  Carboniferous  indicated  with  tolerable  accuracy. 
The  observations  appear,  however,  to  be  largely  directed  to  the  struc- 
ture of  the  lower  division;  which,  more  especially  in  its  eastern 
extension,  included  considerable  areas  of  the  middle  Carboniferous. 
Sufficient  opportunities  for  study  were  not  afforded  in  this  direction 
to  admit  of  their  complete  separation.  The  various  subdivisions  of 
the  Lower  Carboniferous,  as  there  laid  down  for  the  eastern  part  of 
Albert  county,  were  verified  on  subsequent  detailed  examination, 
though  certain  sections  elsewhere  appeared  at  first  view  to  present  a 
somewhat  different  arrangement;  more  especially  in  regard  to  the 
true  position  of  the  bituminous  or  'Albert  shales/  which  were  later 
found  to  be  unconformably  beneath  the  marine  limestone  of  the 
Lower  Carboniferous. 

Ip  its  distribution  the  Lower  Carboniferous  formation  was  found 
to  constitute  a  well  defined  belt,  underlying,  throughout  its  whole 
extent,  the  Middle  Carboniferous  basin  of  the  interior.  It  also  com- 
prised certain  areas  in  eastern  Albert  and  Kings  counties  which 
rested  upon  the  flanks  of  what  was  then  regarded  as  the  metamor- 
phic Devonian  of  the  Caledonia  Mountain  range.  West  of  St.  John, 
however,  its  presence  was  not  definitely  noted,  certain  rocks  in  the 
vicinity  of  I>preau  village  and  harbour,  which  had  been  regarded  by 
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Dr.  Gesner  as  of  New  Red  Sandstone  and  Carboniferous  age,  being 
found  to  pertain  to  a  much  lower  horizon,  representing  the  upper 
part  of  the  Devonian  system. 

Concerning  the  structure  of  the  central  or  Middle  Carboniferous 
basin  but  few  additional  details  were  added  to  the  views  already 
expressed  by  the  late  Dr.  Bobb.  Fossil  plants  were  obtained  at 
points  about  Grand  lake,  as  well  as  in  the  vicinity  of  the  Mira- 
michi  river  and  Chaleur  bay,  which  appeared  to  present  what  was 
at  that  time  regarded  as  a  mingling  of  forms,  including  some  portions 
even  of  the  Upper  Carboniferous,  while  fossils  from  other  outliers 
of  the  formation,  distributed  along  the  north  side  of  the  Bay  of 
Fundy,  indicated  a  Millstone-grit  age.  The  discovery,  however,  by 
Mr.  C.  R.  Matthew  of  the  presence  of  a  considerable  area  of  micace- 
ous slates,  which  are  probably  Devonian,  in  the  very  heart  of  the 
Grand  Lake  coal  field,  was  very  important,  since  it  confirmed  the 
view  as  to  the  apparent  thinness  of  the  measures  at  this  point; 
while  the  fossils  in  the  overlying  rocks  were  of  the  horizon  of  the 
Millstone-grit. 

The  report  of  Professor  H.  Y.  Hind  to  the  New  Brunswick  gov- 
ernment, (1865)  contains  a  large  amount  of  very  valuable  and  in- 
teresting matter,  relating  not  only  to  the  geology,  but  to  the  mineral 
and  agricultural  resources  of  the  province.  A  marked  advance  in 
geological  knowledge  is  evident  in  connexion  with  the  work,  more 
especially  in  regard  to  the  northern  portion,  concerning  which  area 
our  information  up  to  that  time,  owing  to  its  largely  inaccessible 
character,  was  very  limited.  A  number  of  sections  were  made  by 
Professor  Hind  along  the  various  streams  of  the  interior.  The  south- 
ern outline  of  the  Upper  Silurian  was  more  clearly  defined,  both 
along  the  coast  of  Chaleur  bay  and  on  the  Upsalquitch  and  Tobique 
rivers,  as  well  as  on  the  St  John,  to  the  west.  The  great  belt  of 
metamorphic  rocks  of  the  interior,  crorsed  by  Professor  Bailey  on 
the  Nipisiguit,  was  examined  and  classed  by  Professor  Hind,  princi- 
pally on  lithological  grounds  as  the  equivalent  of  the  Quebec  group 
of  Canada,  as  laid  down  by  the  late  Sir  William  Logan.  The  great 
areas  of  granite  and  syenite,  both  of  the  southern  and  northern  por- 
tions of  the  province,  were  held  to  be  intrusive  and  of  Devonian  age. 
No  specially  new  facts  bearing  on  the  geology  of  the  southern  part  of 
the  province  were  advanced;  the  views  of  Bailey  and  Matthew  in 
regard  to  the  Devonian  age  of  the  metamorphic  rocks  of  Albert  and 
Kings  being  assented  to.  In  the  western  area,  however,  the  partly 
metamorphic  belt  underlying  the  Carboniferous  basin  on  its  north- 
western side,  and  containing  the  antimony  ores  of  Prince  William,— 
rocks  which  had  been  regarded  by  Drs.  Robb  and  Gesner  as  Cam- 
brian, and  by  Matthew  (see  Appendix  D,  Report  1865,)  as  Lower 
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Silurian — was  also  classed  by  Hind  in  his  Quebec  group,  and  paral- 
leled with  the  upper  and  slaty  members  seen  on  the  Nipisiguit  and 
other  rivers  in  the  northern  part  of  the  province. 

On  the  lower  Restigouche,  between  Campbellton  and  Dalhousie, 
Devonian  rocks  were  recognized,  skirting  the  shores,  and  associated 
with  traps  which  present  conspicuous  hill  features  in  this  locality. 
Small  outliers  of  Carboniferous  conglomerate,  near  Dalhousie  station, 
were  also  indicated,  and  their  horizon  was  stated,  in  contradis- 
tinction to  the  early  views  of  Dr.  Gesner,  who  had  regarded  them  as 
of  the  age  of  the  Carboniferous  and  New  Red  Sandstone. 

Following  tho  report  of  Professor  Hind  the  next  contribution  of 
note  to  tho  geology  of  the  province  was  contained  in  the  second 
edition  of  the  Acadian  Geology,  1868.  The  observations  there  given 
were  based  largely  on  the  work  of  Dr.  Robb,  Professor  Bailey,  and 
Dr.  Matthew.  A  large  amount  of  additional  information,  relating 
principally  to  palseontological  details,  was  also  given,  embracing  the 
various  formations  from  the  St.  John  or  '  Acadian  group,'  to  the 
Carboniferous,  both  inclusive.  The  general  distribution  of  the  Laur- 
entian  and  Huronian,  the  latter  of  which  was  still  confined  to  the 
Coldbrook  group,  remained  the  same  as  in  Professor  Bailey's  report, 
1865.  In  the  metamorphic  rocks  which  surrounded  the  central  Car- 
boniferous basin,  regarded  as  Lower  Silurian,  was  included  a  large 
area  in  northern  Charlotte  county,  and  in  the  southern  part  of  Sun- 
bury  and  Queens,  which  was  afterwards  found  to  be  of  much  more 
recent  age.  Following  the  determinations  of  Dr.  Matthew  the  belt 
extending  diagonally  through  the  province  from  its  southwest  angle 
to  the  vicinity  of  Bathurst  was  also  regarded  as  Lower  Silurian,  and 
not  far  removed  in  age  from  the  St.  John  group.  New  and  valuable 
matter  relating  to  the  Upper  Silurian  of  Dalhousie  and  vicinity, 
with  lists  of  characteristic  fossils,  was  given,  while  to  the  same 
horizon  was  referred  the  Kingston  group  of  the  southern  part  of 
the  province,  which  was  also  again  paralleled  with  the  Cobequid 
series  of  Nova  Scotia.  The  accompanying  map  contained  much  new 
information,  indicating  a  marked  increase  in  our  general  knowledge 
of  the  structure  of  this  interesting  field. 

In  consequence  of  the  passage  of  the  Confederation  Act  in 
1867,  New  Brunswick,  at  that  date,  came  to  a  certain  extent  under 
the  control  of  the  Federal  Government;  and,  in  the  ensuing  year,  the 
operations  of  the  Geological  Survey  of  Canada,  which  had  been 
carried  on  continuously  in  Ontario  and  Quebec  since  1843,  were  now 
extended  to  the  Maritime  provinces.  In  pursuance  of  this  arrange- 
ment, Mr.  C.  Robb  was  sent  to  New  Brunswick,  to  study  more  closely 
the  structure  of  the  country  to  the  west  and  north  of  Fredericton, 
and  along  the  upper  St  John  river,  while  Professor  Bailey  and  Dr. 
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Matthew  were  assigned  work  in  the  southern  part  of  the  province. 
The  results  of  these  explorations  appeared  in  two  reports  by  Mr.  Robb, 
in  1869  and  1870,  and  in  a  voluminous  and  exhaustive  report  by 
Messrs.  Bailey  and  Matthew  in  1871,  reviewing  the  geological  history 
of  southern  New  Brunswick  up  to  that  date.  This  report,  which 
evinces  a  great  amount  of  painstaking  research,  has  ever  since  been 
regarded  as  a  standard  work  on  the  geology  of  this  section,  although 
modified  in  some  respects  as  regards  details  of  structure  by  later  and 
more  systematic  explorations. 

The  first  report  by  Mr.  Robb  made  no  attempt,  in  so  far  as  related 
to  the  formations  underlying  the  Carboniferous  system,  to  decide  the 
actual  horizons  of  the  rocks  described,  with  the  exception  of  the 
more  northerly  area,  already  regarded  as  Upper  Silurian.  The  great 
metamorphic  belt,  regarded  first  as  Cambrian  and  later  as  Lower 
Silurian,  was  divided  into  two  parts,  separated  by  the  central  granitic 
area.  Their  mineralogical  and  lithological  characters  were  carefully 
given,  and  the  discovery  at  one  point  on  a  branch  of  tho  Nashwaak 
river  of  a  band  of  ochreous  slates,  holding  fossils  of  Devonian  age 
apparently  intercalated  with  the  metamorphic  rocks,  led  to  the  suppo- 
sition that  this  great  formation  might  be  newer  than  had  hitherto  been 
supposed.  That  the  two  bands  to  the  north  as  well  as  to  the  south 
of  the  granite  belt  were  of  the  same  age  was  considered  probable. 
The  characters  of  the  great  central  axis  of  granite  were  well  des- 
cribed, and  the  highly .  altered  condition  of  the  various  strata  in 
contact  with  it  was  pointed  out,  the  rocks  in  places  having  assumed 
a  gneissoid  structure  and  containing  numerous  crystals  of  staurolite, 
mica,  &c.  The  extension  of  the  metamorphic  belt  to  tho  northeast 
beyond  the  Little  Southwest  Miramichi  river  was  established,  though 
fossils  which  might  determine  their  actual  age  could  not  at  that  time 
be  found. 

Though  no  new  facts  tending  to  determine  more  precisely  the  posi- 
tion of  these  various  groups  in  the  geological  scale  were  adduced  in 
these  reports,  the  largo  amount  of  topographical  work  done  enabled 
Mr.  Robb  to  construct  a  map  of  the  three  counties  of  York,  Carleton 
and  Victoria,  upon  which  his  observations  of  the  two  seasons  were 
laid  down.  This  resulted  in  a  very  great  advance  over  the  knowledge 
already  possessed  of  that  region,  though  the  entirely  unsettled  char- 
acter of  the  country  east  of  the  upper  St.  John  prevented  the  accu- 
rate delineation  of  the  several  outlines  of  newer  rocks,  which  occur 
at  various  points  unconformably  overlying  the  metamorphic  series. 

In  the  report  by  Professor  Bailey  and  Dr.  Matthew,  which  em- 
braced a  detailed  account  of  the  structure  of  the  southern  part  of  the 
province,  the  so-called  Laurentian  was  divided  into  two  portions,  the 
lower  of  which  consisted  largely  of  gneiss  and  syenite  of  gTeenish, 
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grey  and  reddish  colours  with  associated  masses  of  diorite.  The 
total  thickness  of  this  division  was  not  definitely  known.  The  upper 
was  largely  a  calcareous  series,  resting  upon  the  lower  at  many  points, 
and  was  made  up  of  crystalline  limestone,  quartzite  and  slate,  and 
with  limited  beds  of  gneiss.  The  actual  thickness  of  this  division 
was  also  somewhat  conjectural,  but  a  section  on  the  St  John  river, 
near  Indiantown,  one  of  the  suburbs  of  St.  John  city,  gave  1,385 
feet,  while  the  lower  portion,  omitting  a  considerable  thickness  of 
granitoid  gneiss,  recognized  in  the  western  part  of  the  county  of  St. 
John,  but  not  seen  in  the  river  section,  was  estimated  at  2,850  feet 
This  would  give,  for  the  whole  of  the  supposed  Laurention  rocks  in 
this  area,  a  probable  thickness  of  over  5,000  feet  In  a  series  of  rocks, 
however,  so  extensively  faulted  and  displaced  as  many  of  those  in  the 
vicinity  of  St.  John,  the  actual  measurement  of  their  thickness  is 
almost  an  impossibility. 

Assisted  by  the  extensive  experience  of  Dr.  T.  S.  Hunt,  at  that 
time  an  officer  of  the  Geological  Survey  of  Canada,  the  New  Bruns- 
wick geologists  then  proceeded  to  attack  the  intricate  problem  of  the 
metamorphic  rocks,  which,  owing  to  their  complex  stratigraphy,  had 
never  been  satisfactorily  arranged. 

Upon  a  more  detailed  examination  it  was  conclusively  established 
that  rocks  of  Primordial  age  were,  at  several  points  east  of  St  John, 
unconformably  placed  upon  what  had  so  far  been  regarded  as  an 
integral  position  of  the  Devonian  system,  while  the  lithological 
characters  of  the  latter  presented  many  points  of  resemblance  to 
those  now  recognized  as  of  Huronian  age.  These  discoveries,  to- 
gether with  the  fact  that  these  supposed  Devonian  rocks  were  the 
possible  continuation  of  the  Coldbrook  or  Huronian  belt  of  St. 
John  and  vicinity,  led  to  their  entire  removal  from  the  position  they 
had  so  long  held,  on  grounds  both  of  stratigraphy  and  lithology,  and 
to  their  being  placed  in  the  Huronian  system,  under  the  title  of  the 
Coastal  group. 

The  importance  of  lithological  characters  being  now  recognized 
in  the  determination  of  certain  horizons,  especially  when  applied 
to  areas  of  limited  extent,  attention  was  next  directed  to  another 
great  belt  of  metamorphic  rocks  which,  under  the  title  of  the  King- 
ston group,  had,  up  to  this  time,  been  regarded  as  of  possibly  Upper 
Silurian  age.  Thi3  position  had  been  assigned  it  on  very  much  the 
same  grounds  that  had  affected  the  earlier  position  of  the  Coastal, 
viz.,  the  supposed  interstratification  of  its  equivalents  with  foasili- 
ferous  Upper  Silurian  sediments  which  had  been  observed  in  eastern 
Maine.  Subsequent  examinations,  however,  proved  the  stratigraphies! 
relations  of  the  Kingston  group  to  be  entirely  different  It  was  found 
at  several  points  to  underlie  areas  of  primordial  slates  and,  there- 
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fore,  of  necessity,  to  belong  to  a  much  lower  position  than  had  been 
supposed.  At  the  same  time  the  marked  resemblance  of  the  various 
rocks  which  composed  the  group  to  those  of  the  Coastal  and  Cold- 
brook  divisions  was  such  that  it  was  deemed  most  in  accordance  with 
the  evidence  at  hand  to  include  it  also  in  the  Huronian  system. 
Thus,  three  great  areas  of  metamorphic  rocks,  all  presumably  newer 
than  Lauren ti an,  had  been  established,  though  their  relative  positions 
to  each  other  had  not  as  yet  been  clearly  defined.  The  Coldbrook 
group  had,  however,  been  divided  into  two  portions,  a  supposed  lower, 
including  diorites  with  felsitic  and  chloritic  rocks,  largely  a  volcanic 
series,  and  an  upper,  consisting  of  argillites,  sandstones  and  con- 
glomerates, generally  of  reddish  colours,  which  was  considered  to 
constitute  the  lowest  member  of  the  St.  John  group,  since  styled 
'  Etcheminian '  by  Dr.  G.  F.  Matthew. 

Since  the  arrangement  of  the  formations,  as  given  in  the  report 
now  under  discussion  (1870-71),  has  been  made  to  a  large  extent 
the  groundwork  of  the  subsequent  publications  on  the  geology  of 
southern  New  Brunswick,  the  consideration  of  the  groups  newer  than 
the  Huronian  may  here  be  profitably  taken  up.  Of  these,  the  first 
in  ascending  order  is  the  Primordial  Silurian,  Acadian,  or  St.  John 
group,  which  latter  name  it  received  when  regarded  as  an  integral 
portion  of  the  Devonian  system,  from  the  fact  of  its  being  largely 
developed  and  first  studied  in  and  near  the  city  of  St.  John.  By 
the  fortunate  recognition  of  its  contained  fossils  in  1863-64,  Profes- 
sor Hartt,  as  already  stated,  first  established  the  position  of  certain 
doubtful  metamorphic  rocks  as  Pre-Cambrian,  and  thus  afforded  a 
satisfactory  basis  for  future  geological  work.  Six  areas  were  now 
recognized  as  probably  belonging  to  the  Primordial  horizon;  con- 
cerning the  most  of  which  no  doubt  could  be  entertained,  viz., — 

1.  St.  John  and  vicinity,  with  its  extension  eastward  for  nearly 
thirty  miles  along  the  valley  of  the  Loch  Lomond  lakes  until  it 
reaches  the  Hammond  river. 

2.  Limited  outcrops  about  the  lower  part  of  Kennebecasis  bay, 
seen  on  Long  and  Kennebecasis  islands,  and  on  Milkish  head,  as 
well  as  on  the  south  shore  of  the  bay  itself. 

3.  The  valley  of  the  Long  reach  of  the  St.  John  river.  In  these 
three  areas  typical  fossils  are  abundant. 

4.  An  area  of  dark  grey  and  black  shales  in  Wickham,  Queens 
county,  resembling  in  lithological  characters  the  rocks  of  the  previous 
divisions,  but  in  which  no  fossils  could  be  detected. 

5.  A  similar  series  of  beds  in  the  valley  of  the  Nerepis  river, 
likewise  apparently  devoid  of  organic  remains. 
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6.  An  area  in  Charlotte  county,  near  the  head  of  Oak  bay. 
Other  areas  of  supposed  Primordial  age  have,  however,  since  been 
found. 

In  all  these  the  lithological  characters  are  very  similar,  but  later 
explorations  on  the  areas  in  question  led,  in  subsequent  reports,  to 
the  separation  of  divisions  4,  5  and  6,  on  the  grounds  of  lack  of 
fossil  evidence,  and  they  were  placed  in  a  newly  erected  group  of 
doubtful  beds,  under  the  name  Cambro-Silurian.  The  true  relations 
of  these  beds  to  underlying  rocks  of  Pre-Silurian  aspect  will  be  con- 
sidered further  on,  when  the  general  structure  as  at  present  under- 
stood, is  discussed. 

Next  in  order,  among  the  many  puzzling  and  doubtful  formations 
discussed  in  this  report,  we  may  briefly  glance  at  the  Mascarene 
series. 

This  group  of  rocks,  so-called  from  its  recognized  development 
along  the  shores  of  the  Mascarene  peninsula,  on  the  east  side  of 
Passamaquoddy  bay,  comprises  strata  of  very  different  character. 
Some  of  these  very  closely  resemble  Huronian  rocks,  such  as  diorites, 
fine-grained  felsites,  petrosilex,  &c.  They  are  intimately  associated 
with,  and,  in  places,  apparently  overlie  a  series  of  slates  and  sand- 
stones containiug  fossil  shells  and  remains  of  plants.  Here  then  is 
presented  a  second  problem,  somewhat  similar  to  that  which  so  long 
remained  unsolved  near  St.  John.  The  intimate  admixture  of  beds 
of  such  great  diversity  of  character  rendered  the  expression  of  any 
definite  opinion  as  to  the  real  age  of  this  group  exceedingly  difficult, 
and  it  was  accordingly  described  as  an  isolated  series,  without  being 
assigned  to  any  definite  horizon.  A  re-examination  was  made  in 
1874,  and  in  the  report  for  that  year  it  was  stated  to  be  of  Upper 
Silurian  age. 

The  parallelism  of  structure  displayed  in  this  group  of  rocks  is  so 
marked,  when  contrasted  with  the  earlier  apparent  superposition  of 
mot  amorphic  Huronian  strata  on  the  Devonian,  east  of  St.  John,  that 
the  merits  of  the  question  may  be  here  briefly  stated. 

The  various  strata  exposed  along  this  portion  of  the  shore  arc 
arranged  in  five  divisions ;  of  which  the  lowest  consists  of  hard,  grey 
feldspathic  slates  and  olive  grey  argillites,  apparently  non-fossilifer- 
ous,  and  having  a  thickness  of  about  400  feet. 

Div.  2,  in  ascending  order,  comprises  black  and  dark  grey  banded 
siliceous  slates,  with  obscure  plant  Temains,  and  with  thin  bands  of 
conglomerate;  thickness  rather  more  than  600  feet. 

Division  3  consists  of  grey  sandy  flags  and  slates  with  slate  con- 
glomerates, in  all  about  400  feet,  the  greater  part  of  which  contains 
fossil  sheila 
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Div.  4,  principally  bright  red  and  green  slates,  sometimes  with  a 
purple  tinge,  apparently  without  fossils;  thickness  300  feet. 

Div.  5,  principally  hard,  red  felsites,  often  porphyritic  and  of 
Huronian  aspect;  thickness  unknown,  probably  over  300  feet. 

The  geological  position  assigned  this  series  in  report  1874-75,  as 
a  portion  of  the  Upper  Silurian,  seems,  from  the  characters  of  its 
various  divisions,  to  be  somewhat  unsatisfactory.  Thus,  on  page  88, 
it  is  stated  that  division  2,  or  its  equivalent  on  Beaver  harbour,  con- 
tains plant  stems,  among  which  a  cyclopteris,  a  cordaite,  a  sphen- 
opteris,  and  the  remains  of  ferns,  were  clearly  recognized.  The  pre- 
sence of  these  imparts  a  Devonian  aspect  to  this  portion;  while 
the  Upper  Silurian  fauna  in  the  overlying  beds  would  indicate  an 
overturn  or  a  line  of  fault  at  this  point.  Confirmatory  evidence  in 
this  direction  is  afforded  by  bands  of  igneous  rocks,  which  had  for  a 
long  time  been  paralleled  with  the  Coldbrook  and  Kingston  groups, 
and  it  is  very  probable  that,  taking  into  consideration  the  crumpled 
character  of  the  sediments  of  Beaver  harbour,  with  the  enfolding 
there  of  narrow  belts  of  rocks  holding  Silurian  fossils,  we  may  have 
a  similar  condition  of  things  in  the  Mascarene  peninsula. 

Ascending  in  the  geological  scale  we  find  the  outlines  of  the 
Upper  Silurian  considerably  changed  as  compared  with  all  previous 
reports.  The  separation  of  the  Kingston  group  made  a  great  reduc- 
tion in  its  aggregate  thickness.  In  Charlotte  county  the  formation 
comprised  several  localities  where  characteristic  fossils  were  found, 
such  as  the  vicinity  of  Oak  bay  and  the  group  of  islands  and  pro- 
montories lying  between  Beaver  harbour  and  the  Western  isles.  Col- 
lections of  these  were  made  at  various  points,  notably  at  Back  bay 
on  Frye  island,  and  at  Oak  bay. 

Farther  cast  in  Kings  and  Queens  counties  the  fossiliferous  areas 
east  of  the  granite,  and  extending  to  the  St  John  river,  were  well 
defined.  These  were  found  to  embrace  slates,  sandstones  and  con- 
glomerates, with  a  considerable  thickness  of  hard,  quartzose  beds,  and 
occasionally  felsites  and  diorites,  the  total  thickness  being  regarded 
as  about  5,700  feet. 

Along  the  line  between  Kings  and  Queens  counties  these  rocks 
were  found  to  overlie  unconformably  a  series  of  hard  felsites  and 
other  rocks  of  Huronian  aspect,  which  form  prominent  hill  features 
in  this  area,  the  debris  of  which  enter  into  the  composition  of  the 
basal  beds  of  the  Silurian.  The  age  of  these  strata  in  the  vicinity 
of  Beaver  harbour,  as  determined  by  the  fossils  there  obtained, 'is 
about  that  of  the  Niagara  formation. 

The  Devonian  system  was,  as  contrasted  with  the  report  of  1865, 
also  largely  remodelled.    The  four  divisions  of  Bloomsbury  con- 
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glomerate,  Dadoxylon  sandstone,  Cordaite  shale  and  Mispec  con- 
glomerate, were  retained,  but  the  first  was  reduced  by  about  2,000 
feet  of  trappean  and  other  volcanic  rocks  which,  from  their  character, 
were  now  referred  to  the  Huronian  system,  while  the  Cordaite  shales 
were  reduced  by  the  separation  of  the  apparently  upper  and  meta- 
morphic  portion,  which  was  erected  into  the  Coastal  group  as  already 
described. 

The  total  thickness  of  the  four  divisions  of  the  Devonian  was 
estimated  at  7,500  feet,  but  as  the  area  is  somewhat  affected  by  faults 
this  estimate  may  not  be  actually  correct,  owing  to  possible  repeti- 
tions of  certain  strata.  It  does  not  include  also  the  beds  of  the  Perry 
sandstone  group  which,  upon  the  authority  of  Sir  William  Dawson, 
from  the  evidence  of  contained  plants,  had  been  assigned  to  this 
system  as  its  upper  member  several  years  before,  and  had  also,  in 
the  report  of  1865,  been  so  described  by  Professor  Bailey,  but  subse- 
quently separated  on  the  grounds  of  want  of  conformity  to  the 
underlying  Devonian  of  Point  Lepreau,  and  from  a  supposed  resem- 
blance to  certain  recognized  Lower  Carboniferous  sediments  in  the 
vicinity  of  the  St.  John  river.  Various  publications  have  appeared 
concerning  the  fossils  of  this  group,  among  which  may  be  mentioned 
those  by  Sir  William  Dawson  in  Can.  !Nat,  1861,  on  Pre-Carb.  flora 
of  Maine,  etc.;  Flora  of  Dev.  period,  in  N.  E.  America,  Geol.  Soc, 
1862 ;  Observations  on  Dev.  plants  of  Maine,  Gaspe,  etc.,  Geol.  Coc, 
1863 ;  Fossil  plants  of  Dev.  and  Up.  Sil.  of  Canada,  Geol.  Sur.,  1871. 
From  the  evidence,  therefore,  of  its  contained  plants,  and  from  its 
marked  resemblance  to  much  of  the  Upper  Devonian  conglomerate 
of  the  Gaspe"  district,  it  seems  highly  probable  that  this  group  should 
also  be  assigned  to  the  Devonian  rather  than  to  the  Carboniferous 
system.  Its  distribution  is  limited.  It  occupies  the  greater  part  of 
the  peninsula  between  the  St  Croix  river  and  Passamaquoddy  bay, 
underlying  the  town  of  St  Andrews,  with  several  adjacent  islands, 
and  occurs  in  patches  at  the  mouth  of  the  Magaguadavic  river,  and  as 
a  considerable  area  about  the  village  of  Lepreau  and  on  the  peninsula 
which  terminates  in  the  point  of  that  name. 

Recent  work  by  Dr.  David  White  of  the  United  States  Geological 
Survey,  on  the  plants  of  the  Perry  group,  as  developed  in  the  vicinity 
of  Eastport  in  Maine,  has  shown  that  they  contain  a  well  defined 
Upper  Devonian  flora.  Within  the  last  two  years  the  continuation 
of  the  conglomerates  and  associated  sandstones  of  this  formation 
has  been  traced  eastward  through  the  islands  of  Kennebecasis  bay 
where  they  contain  a  similar  Devonian  flora.  Thence  they  have  been 
followed  to  the  northeast  along  the  Kennebecasis  valley  almost  con- 
tinuously into  Albert  county,  but  are  in  places  concealed  for  short 
distances  by  the  conglomerates  and  limestones  of  the  Lower  Carboni- 
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ferous  formation  which  are  unconformably  overlying.  Near  the 
centre  of  the  Devonian  basin,  to  the  east  of  Courtney  bay,  a  detached 
area  of  the  Perry  is  found  which  overlies  the  other  divisions  of  the 
Devonian  system  in  this  direction,  so  that  at  this  place  there  is  a 
continuous  ascending  series  from  the  base  or  Bloomsbury  division 
to  the  top  or  Perry,  the  upper  part  of  which  is  seen  on  the  north 
side  of  Kennebecasis  island.  The  division  known  as  the  '  Albert 
shales'  lies  between  the  basal  Perry  conglomerate  and  the  upper 
gTey  portion,  and  is  thus  a  part  of  the  Devonian  series. 

The  Carboniferous  system  comprised  three  divisions,  the  Lower, 
Middle,  and  Upper,  of  which  the  first,  having  a  thickness  of  several 
thousand  feet,  contained  the  limestones,  gypsum,  ores  of  manganese, 
and  the  peculiar  mineral  albertite,  while  the  Middle  and  Upper  were 
briefly  described  under  the  general  term,  Coal-measures,  since  the 
examination  of  this  formation  had  not  been  carried  on  sufficiently 
to  warrant  a  separation  of  its  various  members.  The  subdivisions 
of  the  Lower  Carboniferous  were,  in  the  first  edition  of  Acadian 
Geology,  made  to  include  the  bituminous  shales  and  associated  con- 
glomerates of  the  Albert  mine,  which  were  regarded  as  the  lowest  por- 
tion. This  order  of  succession  was,  however,  somewhat  modified  by 
Dr.  Matthew  from  subsequent  observations  made  along  the  line  of 
railway  near  Norton,  where  the  bituminous  beds  had  an  apparently 
higher  position. 

The  distribution  of  the  Lower  Carboniferous  series  was  given 
with  considerable  accuracy,  and  the  presence  of  a  volcanic,  inter- 
calated portion  in  a  section  along  the  St.  John  river,  in  the  parish  of 
Hampsted,  was  noted,  trappean  and  feldspathic  rocks  occurring 
both  near  its  summit  and  base.  This  volcanic  feature  is  also  well 
observed  at  other  points,  not  only  along  the  southwestern  margin  of 
the  formation  In  Queens,  Sunbury  and  York  counties,  but  in  out- 
crops at  intervals  in  the  very  centre  of  the  Middle  Carboniferous 
basin  about  the  upper  end  of  Grand  lake.  As  these  rocks,  however, 
had  at  this  time  not  been  particularly  studied,  many  additional  facts 
regarding  them  were  brought  to  light  on  later  investigations,  and 
have  been  described  in  more  recent  publications. 

The  opinions  stated  in  this  report,  1870-71,  regarding  the  Middle 
Carboniferous,  confirmed  those  expressed  by  Dr.  Robb  in  1850,  viz., 
that  this  formation  was  of  no  great  thickness  and  was  probably  repre- 
sented only  by  its  lower  member,  as  indicated  by  the  presence  of 
the  outcrops  of  metamorphic  slate,  pointed  out  by  C.  R.  Matthew, 
in  what  was  supposed  to  be  the  thickest  portion  of  the  coal-field. 
The  fossils  collected  were,  for  the  most  part,  characteristic  of  the 
lower  horizon,  but  in  several  cases  appeared  to  indicate  a  higher 
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range,  embracing  Upper  Carboniferous  forms,  which  it  was  supposed 
might  be  derived  from  unconformably  overlying  patches  of  newer 
rocks,  or  more  probably  from  a  mingling  of  the  flora  of  different 
norizons. 

The  deposits  along  the  Bay  of  Fundy,  described  as  of  Triassic  age, 
have,  as  in  the  case  of  so  many  other  formations,  been  long  a  subject 
of  dispute.  Dr.  Gesner,  in  his  early  reports,  included  not  only  the 
areas  mentioned  in  the  report  under  consideration  as  probably  of  this 
age,  but  also  other  deposits,  some  of  which,  like  those  of  Lepreau  and 
Passamaquoddy  bay,  have  been  seen  to  be  presumably  Devonian,  while 
others,  farther  east,  are  now  known  to  belong  to  the  Lower  and 
Upper  Carboniferous  formations.  Dr.  Robb,  on  the  other  hand,  held 
that  no  rocks  newer  than  Carboniferous  existed  in  New  Brunswick. 

In  many  respects  the  limited  areas  which  occur  as  outliers  on  the 
coast  of  the  Bay  of  Fundy  referred  to  in  this  report  resemble  and  are 
probably  the  equivalents  of  the  so-called  Triassic  of  Nova  Scotia; 
while  other  areas  of  soft  red  rocks,  in  the  eastern  part  of  the  province, 
are  of  Upper  Carboniferous  age  and  similar  to  those  seen  in  Prince 
Edward  Island.  The  supposition  has  been  confirmed  by  recent  in- 
vestigation. 

The  presence  of  plant  remains  in  the  sandstones  at  Quaco  and 
Martin  head,  similar  in  character  to  those  found  in  Prince  Edward 
Island  in  what  was  formerly  there  regarded  as  Lower  Trias,  but  now 
held  to  belong  rather  to  the  Permian,  makes  it  very  probable  that 
more  detailed  study  of  these  rocks  will  show  that  they  also  may  be 
classed  as  the  upper  member  of  the  Palaeozoic  series.  In  their  strati- 
graphical  relations  there  is  nothing  to  indicate  their  higher  position, 
since  they  rest  generally  on  Upper  Devonian  sediments,  while  the 
occurrence  of  undoubted  Upper  Carboniferous  beds  in  Westmorland 
county,  similarly  placed,  and  closely  resembling  these  in  character, 
tends  to  support  the  present  view. 

Triassic  sandstone  and  shales  are  seen  at  several  points  on  the 
Bay  of  Fundy  coast,  as  at  Martin  head,  Salisbury  bay,  and  be- 
tween Red  head  and  Gardner  creek,  the  last  about  twenty  miles 
east  of  St  John  city.  Where  associated  with  igneous  rocks  they 
appear  to  rest  upon  them.  The  large  development  of  trappean  rocks 
seen  on  Grand  Manan  is  supposed  to  be  of  Triassic  age,  the  western 
part  of  that  island  being  composed  largely  of  basalts,  amygdaloids, 
and  trap  ashes,  with  limited  exposures  of  red  sandstone,  which,  near 
the  contact,  are  impregnated  to  some  extent  with  copper  glance, 
supposed  at  one  time  to  constitute  a  deposit  of  economic  value. 

There  yet  remain  to  be  considered  two  groups  mentioned  in  the 
report  for  1870-71,  which,  owing  to  their  great  diversity  lithologically, 
have  ever  been  difficult  of  adjustment  in  the  geological  record. 
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These  were  described  under  the  head  of  various  Pre-Carbonife»- 
ous  rocks,  and  were  divided  into  two  portions,  styled,  from  their 
prevailing  colours,  the  'dark  and  the  pale  argillites.'  The  lower 
members,  which  were  generally  dark-grey  and  often  flinty  in  texture, 
were  highly  feldspathic,  and  so  far  as  could  be  ascertained,  were 
generally  devoid  of  fossils;  the  upper,  while  usually  of  a  lighter 
hue,  had  a  greater  preponderance  of  grey  sandstones  and  shales  and 
in  places  showed  indistinct  traces  of  plant  remains.  The  lower  series 
18  found  often  in  direct  contact  with  the  great  granitic  mass  of 
Charlotte  and  Kings  counties,  the  metamorphic  action  of  which  was 
evidenced  by  the  alteration  of  the  clay  slates  into  schists,  and  by  the 
production  of  crystals  of  staurolite,  actinolite,  mict,  etc.,  in  the  ad- 
jacent beds.  No  definite  fossil  evidence  could  be  found  to  locate 
this  group  in  the  scale  of  formations,  though  from  the  resemblance 
of  its  lowest  members  to  the  lower  portions  of  the  Mascarene  series, 
it  was  supposed  to  be  not  far  removed  from  the  horizon  of  the  Upper 
Silurian.  The  similarity  of  much  of  the  upper  group  to  the  portion 
of  the  Devonian  characterized  as  the  Cordaite,  together  with  the 
presence  of  plant  remains,  and  its  stratigraphical  position  between 
the  dark  argillites  and  the  Lower  Carboniferous,  caused  this  por- 
tion to  be  regarded  as  probably  belonging  to  the  Devonian  system. 
Both  these  series  were,  in  the  map  accompanying  the  second  edition 
of  Acadian  Geology,  coloured  as  of  Lower  Silurian  age. 

Subsequently,  in  1875,  these  Pre-Carboniferous  rocks  were  ar- 
ranged by  Dr.  G.  F.  Matthew  under  three  heads,  viz.,  Huronian, 
Upper  Silurian  and  Devonian,  with  the  proviso,  however,  that  some 
portions,  notably  of  the  dark  argillites,  or  lower  group,  presented 
strong  resemblances  to  the  Lower  Silurian  of  the  western  part  of  the 
province.  But  later,  in  the  general  report  accompanying  the  map  of 
southern  New  Brunswick,  (1878-79)  they  were  re-arranged,  the  pale 
argillites  being  placed  permanently  in  the  Devonian,  the  doubtful  or 
dark  argillites  classed  as  a  new  group,  under  the  title  of  Cambro- 
Silurian,  while  a  large  area  to  the  east  of  and  between  the  granite 
ridge  and  the  St  John  river,  in  which  typical  fossils  were  found  at 
various  points,  was  called  Silurian,  certain  areas  of  felsites  which 
protruded  through  these  fossiliferous  sediments  and  formed  promin- 
ent hills  and  ridges  being,  from  their  lithological  aspect,  regarded  as 
Huronian  rocks. 

Resuming  the  regular  history  of  New  Brunswick  geology,  the  next 
paper  on  the  subject  was  by  Professor  L.  W.  Bailey,  1871-72.  This 
dealt  principally  with  the  extension  eastward  of  the  Huronian  system 
into  Albert  and  Kings  counties,  more  particularly  with  reference  to 
the  Coastal  group,  which  was  found  to  occupy  the  greater  part  of  the 
country  bordering  on  the  Bay  of  Fundy  in  this  direction,  and  was 
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regarded  as  constituting  the  mineral  bearing,  or  copper  belt  of  this 
area.  Attention  was  also  directed  to  the  presence  of  a  small  deposit 
of  supposed  true  coal-measure  rocks  at  Dunsinane,  on  the  railway 
between  Sussex  and  Petitcodiac,  (see  also  Report  1865,  p.  157) 
which  was  thought  might  be  similar  in  character  to  the  coal  area  of 
Springhill,  in  Nova  Scotia,  a  supposition,  however,  not  verified 
by  later  examination  of  the  district.  The  occurrence  in  eastern  Albert 
of  intrusive  traps  of  supposed  Triassic  age  was  also  noted,  and 
this  was  considered  important  as  tending  to  strengthen  the  view 
expressed  the  previous  year  as  to  the  Mesozoic  age  of  certain  patches 
of  red  sandstone  found  at  points  along  the  coast  in  the  vicinity.  The 
intrusive  character  of  the  red  granites,  both  of  the  great  southern 
area  in  Charlotte  county  as  well  as  certain  masses  in  Albert  and 
Kings,  not  only  in  Silurian  sediments,  but  clearly  intruded  into 
older  and  possibly  Laurentian  rocks  in  the  southwestern  portion  of 
the  province,  was  well  indicated. 

The  season  of  1872  was  devoted  to  an  examination  of  the  central 
or  Grand  Lake  coal-field,  with  a  view  to  determine  more  conclu- 
sively its  economic  value,  by  a  series  of  borings,  and  thus  to  settle 
definitely  the  much  vexed  question  as  to  the  occurrence  of  workable 
seams  underlying  that,  which,  as  a  surface  seam,  had  been  worked 
to  some  extent  for  many  years.  No  detailed  study  of  this  coal-field 
had  been  attempted  since  the  time  of  Dr.  Robb,  whose  views  on  the 
subject  have  already  been  stated.  In  the  report  on  this  area,  1872- 
73,'  the  entiro  thickness  of  the  formation  above  the  Lower  Carbonif- 
erous was  estimated  to  be  only  600  feet,  which  was  divided  into  three 
portions  of  200  feet  each,  assigned  to  the  Millstone-grit,  the  Produc- 
tive Coal  measures,  and  the  Upper  Carboniferous,  respectively.  The 
general  thinness  of  the  formation  was  again  conclusively  shown 
by  the  presence  of  areas  of  older  rocks  at  various  places  at  and 
near  the  surface,  and  subsequently  by  means  of  the  diamond  drill, 
which  penetrated  the  entire  thickness  of  the  Middle  Carboniferous 
at  the  head  of  Grand  lake,  at  a  depth  of  little  more  than  200  feet. 
Borings  carried  on  during  the  next  three  years,  at  different  points, 
effectually  proved  the  generally  barren  character  of  the  measures,  and 
disproved  beyond  a  doubt  the  erroneous  ideas  entertained  by  many 
concerning  the  great  economic  importance  of  this  area. 

Later  examinations  of  the  Carboniferous  basin  over  its  entire 
extent,  embracing  an  area  of  10,000  to  12,000  square  miles,  have  led 
to  a  modification  of  the  views  then  expressed,  and  it  has  been  satis- 
factorily established  that  with  the  exception  of  certain  small  outly- 
ing patches  of  Upper  Carboniferous  rocks,  occurring  for  the  most 
part  along  the  shore  of  Northumberland  strait  and  in  the  eastern 
part  of  Westmorland  county,  the  rocks  of  the  entire  area  belonged 
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to  the  horizon  of  the  Millstone-grit,  and  were  below  the  true  pro- 
ductive measures  of  Nova  Scotia. 

The  season  of  1873  was  devoted  to  the  completion  of  the  geolo- 
gical and  topographical  map  of  Queens  and  Sunbury  counties,  em- 
bracing not  only  the  coal-field  just  described  but  the  various  forma- 
tions bordering  this  area  on  the  south,  including  the  hitherto  doubt- 
ful groups  of  the  argillite  series  and  the  associated  strata,  supposed 
to  be  of  Huronian  age.  The  conclusions  then  arrived  at,  together 
with  the  map,  were  withheld  for  several  years,  pending  further  in- 
vest igat ions,  or  until  the  appearance  of  the  general  geological  map 
of  southern  New  Brunswick  in  1878-79,  in  which,  however,  the  views 
expressed  were  very  considerably  modified  as  compared  with  those 
held  in  1873. 

In  1874-75  several  papers  on  he  geology  of  the  province  were 
published.  In  Charlotte  county  these  related  more  particularly  to  the 
Mascarene  scries  as  developed  about  Passamaquoddy  bay,  and  in 
the  adjacent  part  of  the  State  of  Maine.  From  the  facts  then 
observed  the  age  of  the  series  was  inferred  to  be  Upper  Silurian,  but 
as  this  question  has  already  been  fully  discussed  in  previous  pages 
nothing  further  need  here  be  said.  The  age  of  the  pale  argillites 
was,  from  the  observations  of  the  preceding  season,  proved  to  be, 
for  the  most  part  at  least,  Devonian  while,  concerning  the  lower  or 
dark  argillite  group,  satisfactory  conclusions  could  not  be  arrived  at. 

Other  papers  appeared  relative  to  the  age  and  distribution  of  the 
iron  ore  deposits  of  Carleton  county  (R.  W.  Ells,  1874)  and  sun- 
dry facts  were  also  given  concerning  the  structure  of  the  Grand 
Lake  coal-field,  derived  from  boring  operations,  by  which  the  state- 
ments already  made  respecting  the  general  barrenness  of  the  measures 
were  fully  confirmed. 

In  this  year,  also,  (1874)  appeared  a  paper  by  Dr.  Honeyman  of 
Halifax,  Nova  Scotia,  upon  the  various  formations  of  the  southern 
and  eastern  portions  of  New  Brunswick,  in  which  he  paralleled  the 
supposed  Laurentian  and  Huronian  systems  about  St.  John,  with  the 
rocks  of  the  Cobequid  series  in  the  adjoining  province,  and  with  his 
lower  Arisaig  group  of  Antigonish.  In  the  northern  part  of  the 
province  he  regarded  the  fossiliferous  limestones  of  Dalhousie  as  pro- 
bably of  Niagara  age,  (the  equivalents  of  his  group,  C.  Arisaig)  and 
recognized  also  the  Lower  Silurian,  now  Cambro-Silurian,  aspect  of  the 
rocks  on  the  lower  Nipisiguit  and  Tetagouche  rivers,  in  which  grap- 
tolites  were  afterwards  found,  presumably  of  the  horizon  of  Lower 
Trenton  age,  while  the  later  age  of  the  intrusive  traps  in  the  Dal- 
housie section,  first  pointed  out  by  the  late  Sir  Wm.  Logan,  was 
proved  by  the  alteration  of  the  contiguous  beds  and  by  the  presence 
of  Upper  Silurian  fossils  contained  in  the  trappean  mass  itself. 
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In  1875-76,  a  report  on  the  Pre-Carboniferous  formations  of  south- 
ern Queens  and  Sunbury  counties,  with  various  rocks  in  northern 
Kings,  was  presented,  illustrative  largely  of  the  work  done  in  1873. 
These  were  now  divided  into  three  groups,  the  crystalline  or  older 
felsitic  series,  Coldbrook  or  Huronian,  the  dark  argillites  which  were 
now  considered  to  be  Upper  Silurian,  though  possibly  containing 
areas  of  Lower  Silurian,  and  the  pale  argillites,  which  were  again 
asserted  to  be  Devonian,  from  the  evidence  of  the  contained  plant 
remains.  The  Upper  Silurian,  however,  was  now  made  to  contain  a 
considerable  area  of  what  was  in  1870-71  regarded  on  lithological 
grounds  as  Pre-Silurian  or  Huronian. 

In  1876-77  an  interesting  report  by  Dr.  G.  F.  Matthew  on  the 
geology  of  Charlotte  county  was  published.  In  this  the  aspect  of 
certain  supposed  Pre-Silurian  rocks  in  the  southwestern  portion  was 
discussed,  more  especially  in  their  development  west  of  the  lower 
part  of  the  Digdeguash  river.  These,  for  the  most  part,  highly  crys- 
talline rocks,  consist  of  diorites,  fine  and  coarse,  hard  schists,  por- 
phyritfc  and  slaty  felsites  and  gneissoid  sandstone,  which  often  pre- 
sent the  appearance  of  fine-grained  gneiss.  They  form  an  area  of 
considerable  extent  and  are  intersected  by  intrusive  granites  which 
may  bo  spurs  from  the  main  granitic  mass  of  that  district  They 
cross  Oak  bay  and  extend  into  Maine,  and  also  form  a  conspicuous 
band  on  the  St.  Croix  river,  in  the  vicinity  of,  and  for  some  distance 
above,  St.  Stephen  and  Calais.  The  fact  that  these  volcanic  rocks 
penetrate  recognized  Silurian  strata  in  that  vicinity  was  not  appar- 
ently recognized  at  the  time,  and  from  their  marked  lithological  re- 
semblance to  the  Pre-Cambrian  of  St.  John  county  they  were  regarded 
as  also  of  Huronian  or  Lauren ti an  age. 

In  this  report,  also,  the  dark  argillites  which  have  a  considerable 
development  in  this  country,  forming  an  extensive  belt  which 
stretches  diagonally  across  from  the  St.  Croix  river  to  its  northeast 
corner,  were  considered  as  of  Upper  Silurian  age.  The  rocks  of  this 
system  were  arranged  in  five  divisions,  the  three  lowest  being  paral- 
leled with  the  divisions  of  that  system,  as  stated  in  the  report  for  the 
preceding  year,  whilst  Nos.  4  and  5  of  that  series  were  supposed  to 
represent  Nos.  3  and  4  of  the  Kingston  group.  The  latter  was,  by 
this  arrangement,  removed  from  the  position  assigned  it  in  1870-71 
as  a  portion  of  the  Huronian,  to  the  upper  part  of  the  Upper  Silurian, 
chiefly  from  its  supposed  superposition  on  the  St.  John  group,  as 
inferred  from  the  presence  of  pebbles  of  black  slate  in  the  conglo- 
merates near  its  base,  which  were  held  to  be  derived  from  beds  of 
Primordial  age. 

The  crystalline  and  Huronian  aspect  of  the  Kingston  group,  as  a 
whole,  can  be  well  seen  by  reference  to  the  sections  given  in  New 
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river,  Charlotte  county;  the  character  of  the  several  divisions  there 
seen  being  as  follows: — 

Green  chloritic  and  granitoid  rocks. 

Dark,  porphyritic,  slaty  felsite,  with  grains  of  clear  quartz. 
Grey  clay-slates  and  diorites. 

Chloritic  and  feldspathic  slates  and  grits,  with  slate  conglomerate 
overlaid  by  about  11,000  feet,  principally  schists  both  micaceous  and 
hornblendic,  the  latter  predominating,  crystalline  felsites,  and  capped 
by  chloritic  and  feldspathic  gneiss. 

No  fossils  were  found  in  any  of  the  strata,  but  it  was  distinctly 
stated  that  this  group  in  Charlotte  county  constituted  the  mineral 
belt  in  the  same  way  as  the  Coastal  group  to  the  eastward,  which  was 
also  formerly  considered  to  occupy  nearly  the  same  relative  position 
as  now  assigned  to  the  rocks  under  discussion.  As,  however,  un- 
certainty still  existed  as  to  the  true  position  of  the  Kingston  group, 
the  publication  of  the  map  and  section  accompanying  this  report  was 
for  the  time  deferred. 

In  the  report  for  1876-77  the  relations  of  the  great  mass  of  red 
syenite  and  granite  which  forms  so  important  a  feature  in  the  geology 
of  this  county,  to  the  associated  rocks,  were  also  given.  That  they 
were  clearly  newer  than  the  overlying  bpper  Silurian  was  evidenced 
by  the  metamorphism  of  the  slates  in  contact,  shown  by  the  produc- 
tion of  various  crystals,  as  also  by  the  presence  of  numerous  faults 
and  dislocations,  and  by  the  penetration  of  contiguous  strata  by 
numerous  dikes  and  veins  of  granite,  which,  proceeding  from  the 
main  mass,  cut  the  adjoining  beds  with  sharply  defined  lines  of 
contact. 

The  same  volume  also  contained  a  report  on  the  Lower  Carboni- 
ferous of  Albert  and  part  of  Westmorland  counties,  by  Professor 
L.  W.  Bailey  and  the  author  of  this  paper.  This  had  particular 
reference  to  the  distribution  and  economic  value  of  the  portion  known 
as  the  Albert  or  bituminous  shales,  of  special  interest  from  their 
containing  the  remarkable  mineral,  albertite.  In  this  paper,  also, 
the  Pre-Cambrian  aspect  of  the  rocks  of  the  Caledonia  Mountain 
range  was  pointed  out.  The*  divisions  of  the  Lower  Carboniferous 
there  given  were  five  in  number,  representing  an  exposed  thickness 
of  4,150  feet,  separable  into  two  unconformable  series  by  a  break 
between  the  bituminous  shales  and  associated  conglomerates  of  the 
Albert  Shale  series  and  the  sandstones  and  conglomerates  of  division 
3,  while  the  great  masses  of  gypsum  and  limestone  were  regarded  as 
being  near  the  upper  part  of  the  formation. 

The  season  of  1877-78  was  devoted  to  further  detailed  work,  prin- 
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cipally  bearing  on  the  relative  positions  of  the  various  divisions  of 
Fre-Silurian  rocks  in  Kings,  St.  John  and  Albert  counties,  the 
results  of  which  were  stated  in  three  papers  by  the  writer,  Professor 
Bailey,  and  Dr.  G.  F.  Matthew  respectively,  with  a  supplementary 
report  by  the  last  on  the  superficial  geology  of  the  southern  part  of 
the  province. 

In  the  first  of  these,  the  structure  of  the  Pre-Cambrian  ridges  was 
given  as  follows: — three  main  anticlines,  situated  to  the  south  of 
Kennebecasis  bay,  extend  from  the  vicinity  of  St.  John  north- 
easterly, and  are  roughly  parallel  to  the  north  shore  of  the  Bay  of 
Fundy.  In  Albert  county,  and  for  some  distance  to  the  west,  the 
two  more  southerly  anticlines  are  apparently  overturned;  the  con- 
tained syncline  occupying  the  area  along  the  Shepody  road,  and  for 
some  distance  on  either  side.  The  most  southerly  anticline  forms 
the  crest  of  the  mountain  ridge  in  rear  of  Hopewell,  whence,  ex- 
tending westerly,  it  crosses  the  Upper  Salmon  river  6ome  three 
miles  below  the  Shepody  road,  and  comes  to  the  coast  a  short  distance 
west  of  Martin  head.  On  the  Albert  county-line  it  has  a  breadth  of 
three  to  four  miles,  and  is  distinguished  by  the  presence  of  syenite 
and  gneiss,  often  greenish  or  protogine,  with  schists,  fclsites  and 
dolomites, 

The  second  anticline  extends  from  the  eastern  part  of  the  Cale- 
donia Mountain  range  in  the  vicinity  of  the  Albert  mines,  southerly 
through  the  southern  part  of  Mechanic  settlement,  and  reaches  the 
Shepody  road  a  short  distance  west  of  the  Kings  county  line,  on 
which  road  it  can  be  traced  for  nearly  eight  miles.  Farther  west 
it  can  be  seen  on  the  Big  Salmon  river,  about  four  miles  from  its 
mouth,  beyond  which  it  is  apparently  concealed  by  overlying  sedi- 
ments. This  anticline  in  Albert  county  is  flanked  at  one  point  by 
crystalline  limestones,  similar  in  character  to  those  in  the  vicinity 
of  St.  John. 

The  third  anticline  comprises  the  syenite,  gneiss  and  limestone 
of  St.  John  and  vicinity.  Westward,  it  can  be  readily  traced  to  its 
termination  on  the  coast  at  Musquash  harbour,  although  in  places 
concealed  by  Devonian  strata  and  drift  deposits,  while  eastward  it 
extends  along  the  south  side  of  Kennebecasis  bay,  appearing  also  in 
the  islands  and  headlands  of  the  southern  extremity  of  the  Kingston 
peninsula,  uninterruptedly  to  a  point  about  four  miles  south  of 
Hampton  station.  It  re-appears  from  beneath  Upper  Devonian  beds, 
four  miles  farther  east,  and  forms  a  narrow  ridge,  eight  miles  in 
length,  when  it  again  becomes  overlapped  by  the  Perry  formation, 
and  does  not  re-appear,  but  on  the  Kings  county  line  an 
anticline,  in  the  continuation  of  the  one  just  described,  brings 
up  the  Perry  conglomerate  and  grey  sandstone  and  probably  indi- 
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cates  the  extension  of  this  third  axis  which  in  this  case  is  parallel 
with  the  second  anticline  of  the  Caledonia  mountain. 

A  series  of  chloritic,  talcose  and  feldspathic  schists,  ash  rocks, 
purple  grits,  and  conglomerates  occupy  the  first  syncline  in  Albert 
county.  These  are  apparently  unconformable  to  the  rocks  of  the 
underlying  anticlines  just  described,  as  well  as  to  their  supposed 
equivalents  in  Kings  and  St.  John  counties.  They  occupy  a  con- 
siderable area  along  the  Shepody  road,  and  the  greater  part  of  the 
coast  of  the  Bay  of  Fundy,  between  Point  Wolf  and  Melvin  beach, 
about  seven  miles  east  of  Quaco. 

Along  the  northern  side  of  the  second  anticline  in  Kings  county 
these  rocks,  which  constitute  the  Coastal  portion  of  the  Huronian, 
are  to  a  great  extent  apparently  replaced  by  a  considerable  thickness 
of  brecciated,  siliceous  and  feldspathic  ash  rocks  and  diorites,  which, 
according  to  Professor  Bailey  (see  his  report  on  this  group,  1877), 
compose  the  greater  part  of  the  Pre-Cambrian  series  to  the  south  of 
the  main  Laurentian  axis  or  anticline  No.  3.  These  are  regarded  by 
him  as  older  than  the  Coastal  rocks  which  occupy  the  syncline  just 
mentioned  and  which  form  the  shore  series.  They  are  described  in 
ascending  order  under  two  heads,  the  first  or  felsite  petrosilex  group 
consisting  largely  of  the  following  rocks: — 

Bed  and  grey  felsites,  blue,  grey,  reddish  and  black  petrosilex 
and  breccias,  diorites,  and  amygdaloidal  ash  rocks  and  ashy  conglo- 
merates. 

Grey  feldspathic  sandstones  and  conglomerates,  the  whole  repre- 
senting the  Coldbrook  of  former  reports  and  now  regarded  as  the 
oldest  member  of  the  Huronian. 

The  second  or  upper  division  consists  of  the  following  rocks: — 

Chloritic  schists,  greenish,  grey  and  purple  ash  rocks  and  amygda- 
loids,  with  purple  conglomerates. 

Pale  grey  pyritous  and  rusty-weathering  felsites  and  feldspathic 
quartzites. 

Hydromica  schists,  chloritic  and  feldspathic  schists,  grey  clay- 
slates  and  purple  conglomerates,  with  beds  of  hematite,  styled  Coastal 
in  former  reports,  and  now  regarded  by  him  as  the  upper  member  of 
the  Huronian. 

» 

The  third  report,  by  Dr.  G.  F.  Matthew,  is  confined  to  the  King- 
ston group  and  principally  to  its  development  in  the  Kingston  penin- 
sula, where  from  the  discovery  of  a  small  outcrop  of  fossiliferous 
ashy  rocks  and  slates  of  Upper  Silurian  age  along  the  south  side  of 
the  Long  reach  of  the  St.  John  river,  which  at  several  points  on 
the  shore  appear  to  have  a  dip  inland,  it  was  inferred  that  a  large 
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portion  of  the  rocks  of  this  group  were  stratigraphically  above  the 
fossiliferous  beds  and  consequently  newer.  He,  however,  at  the  same 
time,  in  tabular  form,  paralleled  the  Kingston  of  this  locality  and  its 
extension  westward  into  Charlotte  county,  under  the  heading  Upper 
Silurian,  with  the  recognized  Huronian  of  St  John,  in  which  the 
lithological  resemblance  of  the  two  groups  is  such  as  to  strike  the 
most  casual  observer. 

The  Huronian  character  of  the  crystalline  and  metamorphic  rocks 
of  southern  New  Brunswick  was  next  pointed  out  by  Dr.  T.  Steny 
Hunt,  in  his  report  to  the  Geological  Survey  of  Pennsylvania,  pub- 
lished in  1878,  and  subsequently  in  a  paper  read  before  the  American 
Association  for  the  Advancement  of  Science,  (1879),  in  which  the 
unconformity  of  these  rocks  to  the  supposed  Laurentian  of  the  St  John 
area  was  indicated,  as  well  as  their  lack  of  conformity  to  the  overlying 
Primordial  slates.  In  the  Supplement  to  Acadian  Otology,  (Sir  Win. 
Dawson,  1878)  several  allusions  to  this  province  also  were  made,  the 
principal  points  bf  which  have  been  already  considered.  In  this  year, 
too,  the  final  report  on  the  geology  of  southern  New  Brunswick 
appeared,  accompanying  the  map  of  that  area,  which  had  been  so  long 
deferred.  From  a  careful  consideration  of  all  the  data  in  the  pos- 
session of  its  several  authors,  which  had  been  accumulating  for  years, 
the  various  geological  lines  were  there  laid  down,  and  the  most  recent 
and  probable  views  concerning  the  horizons  of  the  different  forma- 
tions stated.  As  no  subsequent  publication  on  a  large  part  of  this 
portion  of  the  province  has  since  appeared,  the  position  and  arrange- 
ment of  the  geological  systems  as  there  expressed  may  be  briefly 
stated,  with  some  probable  changes  which  may  hereafter  be  made  in 
certain  groups,  about  which  sufficient  was  not  at  that  time  known  to 
pronounce  definitely  as  to  their  exact  age  and  relations. 

It  must  be  premised  that  in  speaking  of  the  geology  of  southern 
New  Brunswick,  that  portion  only  is  included  which  lies  to  the  south 
of  the  great  central  Carboniferous  area,  in  so  far  as  relates  to  the 
Pre-Carboniferous  rocks.  The  study  of  the  northern  and  southeast- 
ern portions  having  been  taken  up  at  a  date  subsequent  to  1878, 
these  areas  will  be  considered  further  on. 

The  geological  systems  recognized  at  that  date  (1878-79),  in  that 
portion  of  the  province  now  under  consideration,  are  as  follows:— 

Laurentian  Lower. 

Upper. 

Huronian  Formerly  divided  into  Coldbrook,  Coastal 

and  Kingston. 

Cambrian  Primordial  Silurian,  Acadian,  or  St.  John 

group. 

Cambro-Silurian  Formerly  Middle  Silurian. 
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Lower. 

Middle  or  Millstone-grit. 
Upper  of  eastern  Westmorland  county. 

Granites,  syenites,  diorites,  diabases.  Trap- 
pean  rocks  of  Carboniferous  and  Trias- 
sic  age.* 

In  the  general  geological  map  of  the  southern  part  of  the  province, 
1878-79,  the  area  coloured  as  Laurentian  embraces  principally  that 
portion  which,  in  1860,  was  separated  fsom  the  Devonian,  under  the 
title  of  the  Portland  group.  West  of  St.  John  city  it  embraces  the 
greater  part  of  the  county  of  St.  John,  extending  across  into  Char- 
lotto  county,  and  terminates  westward  at  Rngged  head,  which  forms 
the  southwestern  point  of  Lepreau  harbour.  Though  apparently 
divisible  into  two  unconformable  series  it  was  not  deemed  advisable 
to  colour  these  separately,  but  the  limestones  were  designated,  wher- 
ever known  to  occur,  by  a  distinct  tint,  and  thus  the  upper  member 
was,  to  a  certain  extent,  made  conspicuous. 

The  anticlinal  structure  of  the  lower  member  was  regarded  as 
well  marked,  and  its  probable  extension  northeasterly  has  already 
been  given.  The  limestones  in  the  vicinity  of  the  St.  John  river 
flank  the  axis  on  either  side.  Theso  are  well  developed  along  the 
south  side  of  Kennebecasis  bay,  and  from  South  bay  they  extend  at 
intervals  for  about  four  miles  west  of  the  river,  where  they  apparently 
form  a  basin.  Eastward  they  appear  as  outliers  on  the  syenitic  rocks 
beyond  Rothesay,  and  at  several  points  as  far  east  as  Norton.  West 
of  St.  John  they  appear  at  Pisarinco  and  at  Musquash  harbour  on 
the  south  flank  of  the  main  anticline.  The  width  of  this  supposed 
Laurentian  area,  comprising  both  divisions,  is  from  six  to  seven  miles. 

In  report  1870-71  it  was  stated  that  a  belt  of  gneissic  rocks,  bear- 
ing much  resemblance  to  those  just  described,  extended  from  the 
head  of  the  Long  reach  of  the  St.  John  river,  along  the  north  side 
of  that  sheet  of  water,  to  L'Etang  harbour,  forming  an  anticlinal 
ridge  flanked  by  supposed  Huronian  sediments.  On  Frye  island,  near 
the  southwestern  extremity  of  this  axis,  syenitic  rocks  occur  with  crys- 
talline limestone,  in  character  somewhat  similar  to  those  which  occur 
with  so-called  Laurentian  rocks  elsewhere,  and  the  whole  belt  was  con- 

•Notb. — The  conclusions  arrived  at  and  stated  in  this  report  mar  be 
briefly  susfinarized.  Recent  investigations  in  the  southern  part  of  the 
province,  from  the  St.  Croix  river  on  the  west  to  the  Black  river  east  of 
the  city  of  St.  John,  have  caused  these  opinions  to  be  largely  modified,  and 
the  recent  changes  will  be  also  indicated. 


Silurian. 
Devonian. 
Carboniferous. 


Intrusive  rocks. 
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sidered  as  probably  a  parallel  ridge,  contemporaneous  with  the  belt 
just  described.  While,  however,  this  view  was  held  concerning  the 
ago  of  these  rocks,  the  difficulty  of  separating  them  precisely  from  the 
overlying  Kingston  group,  owing  in  large  part  to  the  wooded  char- 
acter of  the  country  which  they  traverse,  was  such  that  it  was  thought 
best  to  include  this  series  in  the  general  Pre-Cambrian  colour  with- 
out definitely  specifying  its  exact  position.  Lying  off  the  coast  in 
this  direction  the  group  of  islands  called  The  Wolves  was  found  to 
be  composed  of  greenish  syenites  and  other  rocks  of  the  lower  series 
in  which,  however,  no  limestones  appeared. 

Farther  west  in  the  parishes  of  St.  Patrick,  St.  Croix  and  St.  Ste- 
phen, syenitic,  dioritic  and  gneissic  rocks  are  common.  These  in 
the  vicinity  of  the  St.  Croix  river  present  characters  very  similar 
to  those  of  the  fundamental  rocks  of  the  St.  John  area,  and  were  at 
one  time  described  as  of  the  same  horizon.  They  are  intersected  by 
large  dikes  and  masses  of  intrusive  syenite,  some  of  which  are  of 
much  later  ago  than  the  rocks  with  which  they  are  associated.  In 
this  locality,  also,  the  authors  found  much  difficulty  in  separating 
the  newer  intrusive  rocks  from  the  older  portions,  and  all  these  areas 
of  syenites,  etc.,  of  whatever  age,  were  therefore  included  in  the 
same  colour,  though  the  outlines  of  the  newer  are  indicated  on  the 
map  in  a  general  way. 

It  must  therefore  be  fully  understood  that  in  the  area  indicated  as 
granite,  west  of  the  Digdeguash  river,  and  for  a  mile  or  so  to  the 
east,  a  considerable  portion  might  possibly  be  of  Pre-Cambrian  age- 
In  Albert  county,  also,  attention  was  called  in  1870-71  to  the 
presence  of  rocks  similar  to  those  of  the  so-called  Laurentian  of  St. 
John,  and  the  supposition  was  then  advanced  that  these  occurred  as 
ridges  surrounded  by  Huronian  strata.  This  view,  in  so  far  as  the 
stratigraphical  relations  of  the  several  groups  were  concerned,  was 
confirmed  in  1878,  and  the  probable  Laurentian  age  was  indicated 
by  the  presence  of  crystalline  limestones  and  dolomites.  The  older 
portions  of  these  ridges,  as  we  proceed  westward  into  Kings  county, 
speedily  become  concealed  by  the  unconformable  overlap  of  the 
Coldbrook  and  Coastal  groups,  from  which,  in  lithological  character, 
they  are  markedly  different.  They  contain  also  a  considerable  area 
of  coarsely  crystalline  diorites,  holding  magnetite,  which  in  places  be- 
come almost  a  pure  hornblende  rock. 

A  similar  area  of  magnetic  diorite  in  northern  Kings  county 
near  the  Scottish  settlement  was  referred  to  in  1870-71,  and  was 
supposed  to  be  of  Laurentian  age,  as  were  several  areas  west 
of  the  St.  John  river,  in  the  valley  of  the  Nerepis.  The  dioritic 
rocks  in  Charlotte  county,  near  St.  Stephen,  are  also  probably 
of  this  age.    They  contain  serpentine  and  chromic  iron  in  small 
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quantity  and  were  supposed  to  underlie,  unconformable  hard  mica- 
ceous quartzites.  East  of  St.  John,  near  Dolin  lake,  bands  of  hard 
crystalline,  feldspathic,  sometimes  dioritic,  rock  occur,  associated 
with  hypersthene  and  magnetic  iron,  which  were  considered  by  Dr. 
T.  S.  Hunt  as  identical  with  some  varieties  of  norite  rock  of  the 
Upper  La u rent i an  or  Labradorian  series.  They  are  associated  with 
gneisses,  also  presumably  of  the  upper  division. 

The  limestones  near  St  John  are  in  places  serpentinous  and 
have  furnished  indications  of  the  presence  of  Eozoon  structure.  At 
Pisarinco,  also,  serpentine  is  found  in  talcose  and  chloritic  rocks, 
associated  with  limestones,  and  at  the  falls  of  the  St.  John  river 
deposits  of  plumbago  of  large  extent  are  found  in  the  slates  and 
limestones.  It  is  worthy  of  remark  that  in  all  the  supposed  Lauren- 
tian  areas  of  Charlotte  county  no  traces  of  limestone  have  as  yet 
been  found,  except  at  Frye  island  and  Lepreau. 

The  work  of  the  last  three  years  in  Charlotte  and  St.  John 
counties  has  caused  a  marked  modification  of  the  views  formerly 
held  as  to  Laurentian  rocks  of  southern  New  Brunswick.  Thus,  as 
regards  much  of  the  granite,  gabbro,  diorite,  and  diabase  it  has  been 
shown  that  the  greater  part  at  least  of  these  are  of  comparatively  recent 
date;  that  they  are  clearly  intrusive  through  Silurian  and  cometimes 
Devonian  sediments;  that  the  crystalline  limestone  of  Frye  island  is 
altered  Silurian  instead  of  Laurentian,  the  metamorphism  being  due 
in  part  to  pressure  and  in  part  to  large  masses  of  intrusive  rocks; 
that  the  crystalline  limestones  of  Lepreau  harbour  and  of  Musquash 
village  are  altered  portions  of  the  Devonian  (Bloomsbury),  and  that 
the  crystalline  limestones  of  St.  John  county,  as  seen  on  the  east  side 
of  Musquash  harbour  and  along  the  shore  east  of  Pisarinco,  are  also 
locally  altered  and  cut  in  all  directions  by  masses  and  dikes  of 
granite  and  diabase,  which  also  cut  the  Bloomsbury  division  of  the 
Devonian  and  other  parts  of  that  series  of  formations;  that  the 
crystalline  limestones  of  St.  John  city  and  vicinity  are  not  a  part 
of  the  Laurentian  formation  (Grenville  series  of  Quebec)  but  are 
associated  with  highly  altered  banded  slates  and  quartzite  which  are 
similar  in  character  (though  sometimes  more  highly  altered)  to  the 
lower  portion  of  the  Cambrian  rocks  of  that  city  though  as  yet  they 
have  not  yielded  fossils;  that  the  series  of  gabbros,  granite  and  dia- 
base rocks  which  were  once  regarded  as  representing  the  Lower 
Laurentian  or  Fundamental  gneiss  are  in  reality  intrusive  igneous 
rocks  of  later  date  than  the  slates  and  limestone  with  which  they 
are  now  associated;  and  that  a  very  close  examination  of  these  so- 
called  oldest  rocks  could  not  determine  any  rocks  of  Laurentian  age  in 
the  southern  part  of  the  province,  at  least  at  any  observed  point. 

The  history  of  the  Huronian  system,  with  the  many  changes 
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which  have  taken  place  in  relation  to  its  various  groups,  has  already 
been  somewhat  fully  stated,  and  we  will,  therefore,  here  present  only 
the  views  held  in  1878-79  regarding  its  distribution  and  mineral 
character. 

The  term  Huronian  does  not  appear  on  the  general  map,  for  the 
reason  that,  owing  to  the  uncertainty  as  to  the  age  of  the  several 
groups,  some  of  which  have  just  been  described,  it  was  thought  best, 
until  their  true  relations  to  the  Laurentian  or  Huronian  systems 
proper  could  be  accurately  worked  out,  to  include  these  under  a 
general  term,  Pre-Cambrian,  since,  in  position,  they  were  found  to 
unconformably  underlie  at  several  points  the  fossiliferous  Cambrian. 

The  former  division  of  the  Huronian  into  Coldbrook,  Coastal 
and  Kingston  was  exceedingly  unsatisfactory,  inasmuch  as  while 
they  were  all  regarded  as  portions  of  the  same  system,  their  respec- 
tive horizons  could  not  with  certainty  be  determined.  Thus,  in  1870-71, 
the  Coldbrook  i9  the  first  described  after  the  Laurentian,  leading  to 
the  inference  that  this  group  comprised  the  lowest  members  of  the 
Huronian  system,  while  at  the  same  time  its  upper  part  was  held  to 
represent  the  basal  beds  of  the  St.  John  group,  to  the  exclusion  of 
the  Coastal  and  Kingston.  In  the  last  report  by  Professor  Bailey 
(1877-78)  the  Huronian  south  of  the  Kennebecasis  was  divided  into 
two  groups  only,  the  Coldbrook  and  Coastal,  of  which  the  latter  is 
held  to  be  the  newer.  The  older  is  distinguished  by  the  term  '  felsite 
petrosilex  group/  from  the  prevailing  character  of  the  rocks  which 
compose  it,  while  the  newer  is  termed  the  'micaceous  and  chloritic' 
or  *  schistose  group,'  for  the  same  reason.  It  is  evident,  from  a  con- 
sideration of  the  rocks  of  the  Coldbrook,  that  they  are  for  the  most 
part  of  volcanic  origin,  the  prevalence  of  breccias  and  brecciated 
agglomerates,  diorites  and  ashy  rocks,  which  make  up  the  bulk  of  the 
group,  presenting  a  marked  contrast  to  the  more  slaty  and  schistose 
rocks  of  the  Coastal,  though  the  latter  shows  abundant  evidence  also 
of  volcanic  action  in  the  presence  of  ashy  and  agglomerate  rocks;  it 
has  also  a  considerable  thickness  of  clay-slates,  with  purple  grits  and 
conglomerates.  It  is  exceedingly  doubtful,  however,  whether  a 
separation  such  as  has  just  been  proposed,  into  an  upper  and  a  lower 
division,  can  be  successfully  made  on  stratigraphical  grounds,  owing 
to  the  difficulty  of  determining  which  group  rests  primarily  on  the 
supposed  Laurentian,  since  in  some  places  this  position  is  held  by 
the  Coldbrook,  while  at  others  the  Coastal  is  in  direct  contact.  This 
difficulty  becomes  more  apparent  when  we  consider  that  the  original 
Coldbrook,  so  named  from  the  place  where  first  studied,  was  at  a 
later  date  regarded  as  Coastal.  It  is  possible  that  both  divisions 
may  be  contemporaneous,  or  that  the  Coldbrook  or  volcanic  por- 
tion may  be  the  more  recent;    this  latter  view  receives  a  certain 
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amount  of  support  from  the  stratigraphical  evidence  seen  in  the 
overturned  syncline  of  Albert  county,  the  rocks  of  which  rest  upon 
the  basal  ridges  and  are  undoubtedly  of  the  Coastal  or  schistose 
type,  (see  Rep.  1877-78).  These  occupy  the  southern  portions  of 
eastern  Kings  and  St.  John  counties,  and,  while  in  their  western 
extension  they  overlap  the  ridges  just  mentioned,  they  are  in 
turn  apparently  overlaid  by  the  volcanic  rocks  of  the  Coldbrook 
group,  the  Coastal  not  appearing  at  all  in  the  northern  portion  of  the 
main  P re-Cambrian  area  south  of  the  Kennebecasis,  unless  we  except 
certain  doubtful  and  limited  areas  lying  to  the  north  and  east  of  the 
Loch  Lomond  lakes. 

There  yet  remains  to  be  considered  the  third  division  of  Huronian 
rocks,  the  Kingston  group,  which,  also  receiving  its  name  from  the 
place  where  first  studied,  namely,  the  peninsula  lying  between  the 
Long  reach  and  Kennebecasis  bay,  has  a  considerable  development 
westward  in  Charlotte  county.  The  various  changes  of  opinion 
respecting  the  position  of  this  group  have  already  been  stated,  and 
we  will,  therefore,  give  the  reasons,  lithological  as  well  as  stratigra- 
phical,  which  seem  to  us  conclusively  to  prove  that  a  portion  of  these 
rocks  should  be  considered  an  integral  part  of  the  Huronian  system. 
The  character  of  the  rocks  which  compose  this  group  is  well  given 
in  the  report  of  Dr.  Matthew,  already  referred  to,  for  the  Kingston 
area  and  for  its  extension  westward,  and  is  here  presented  for  the 
sake  of  comparison: — 

Compact,  dark-grey  diorite,  and  fine-grained,  flesh-red  felsite. 

Hornblende  and  mica-schists,  schistose  diorite,  and  dark  feldspa- 
thic  slates,  with  grey  argillites. 

Fine-grained  mica-schist,  silico-feldspathic  gneiss  and  schistose 
felsite.  Chloritic  gneiss  and  syenite,  with  thin  beds  of  limestone, 
argillites,  etc. 

In  addition,  beds  of  slate  conglomerate  occur,  and  chlorite  and 
epidote  are  found  in  veins  of  considerable  size. 

That  the  Kingston  group  is  in  part  at  least  entirely  distinct  from 
and  older  than  the  Silurian  was  pointed  out  in  1870-71;  but  the  P re- 
Cambrian  aspect  is  more  clearly  indicated  if  we  glance  at  its  struc- 
ture as  seen  along  the  St.  John  river.  By  reference  to  the  general 
report,  1878-79,  it  will  be  seen  that  the  Pre-Cambrian  rocks  of  south- 
ern New  Brunswick  are  arranged  in  a  series  of  approximately  parallel 
anticlines,  the  synclines  being  occupied  by  fossiliferous  Cambrian 
strata. 

These  anticlines  were  arranged  in  five  divisions,  of  which  Nos.  1 

and  2  were  considered  of  Laurentian  age,  No.  3,  Coldbrook,  No.  4, 

Coastal,  and  No.  5  Kingston. 
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This  arrangement  does  not,  however,  necessarily  indicate  the  true 
6tratigraphical  position  of  the  various  groups;  for,  while  we  have 
seen  that  the  Coastal  has  not  yet  been  definitely  proved  to  be  the 
upper  portion  of  the  Coldbrook,  it  is  probable  that  the  Kingston  in- 
cludes, in  part  at  least,  rocks  common  to  both  divisions  3  and  4,  and 
possibly  even  lower. 

The  extension  of  the  anticlines  1,  2  and  3  has  already  been  given. 
Of  the  last  two,  which  pertain  to  the  Kingston  peninsula,  No.  4, 
beginning  at  Clifton  on  the  south  side,  extends  northeast  past  the 
head  of  Kingston  creek,  towards  Dickie  mountain,  while  No.  5,  com- 
mencing near  the  western  extremity,  and  well  seen  at  Milkish  creek, 
keeps  along  the  north  side  of  the  peninsula,  and  crossing  the  entrance 
of  Belleisle  bay  is  probably  continued  along  the  north  side  of  that 
sheet  of  water  into  the  Scotch  settlements. 

A  sixth  ridge  bounds  the  Long  reach  on  the  north  and  forms 
the  eastern  extremity  of  that  which,  in  Charlotte  county,  on  the  north, 
was  stated  to  underlie  Huronian  sediments,  and  to  be  possibly  of 
Laurentian  age. 

That  all  these  ridges  are,  at  least,  Pre-Cambrian,  was  held  to  be 
plainly  indicated  by  the  presence  of  unconformably  overlying  areas 
of  Cambrian  slates,  which  occur  in  the  form  of  basins  of  greater  or 
less  extent,  the  limits  of  which  have  been  largely  affected  by  denud- 
ation. 

The  most  northerly  of  these,  definitely  recognized  hy  fossils, 
is  found  on  the  west  flank  of  the  sixth  ridge;  but  along  its  south 
side  a  much  more  important  belt  occurs,  which  occupies  the  greater 
part  of  the  north  shore  of  the  Long  reach  from  the  mouth  of  the 
Nerepis  to  Jones  creek,  beyond  which  it  is  largely  concealed  by 
Silurian  beds.  It  also  appears  in  several  small  islands  in  the  river 
and  on  the  point  at  the  month  of  Belleisle  bay,  where  it  overlies  the 
more  northerly  of  the  two  Kingston  anticlines.  It  is  quite  possible 
that  this  basin  of  Cambrian  rocks  occupies  the  entire  valley  of  the 
St.  John  river  at  this  place,  although  its  contact  with  the  Kingston 
group  along  the  south  side  of  the  reach  is  partially  concealed  by 
fossiliferous  strata,  which  are  possibly  the  prolongation  southward 
of  the  Silurian  area  of  Jones  creek,  since  the  overlap  of  the  Prim- 
ordial on  the  Kingston  rocks  is  well  seen  at  both  extremities  of  the 
basin.  It  is  probable  also  that  the  horizon  of  the  two  ridges  of  meta- 
morphie  rocks  which  extend  on  either  side  of  the  Long  reach  is  not 
very  different;  although  westward  of  the  St.  John  river  the  Kingston 
group  proper  appears  to  occupy  a  syncline  between  the  Lepreau  axis 
and  the  older  ridge  north  of  L'Etang.  This  position  would  also 
correspond,  on  stratigraphical  grounds  with  that  assigned  to  it  from 
lithological  characters  as  largely  representing  Divisions  3  and  4  of 
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the  Pre-Cambrian  scale,  but  in  this  part  of  Charlotte  county  the  Pri- 
mordial has  not  yet  been  definitely  recognized. 

The  presence  of  slaty  conglomerates  in  the  rocks  of  the  Kingston 
group,  the  pebbles  of  which  were  at  one  time  regarded  as  derived 
from  Cambrian  slates,  has  been  recognized.  The  fragments  may  be 
derived  from  the  bands  of  black  and  graphitic  slates,  which,  at  many 
points,  form  an  integral  portion  of  the  rocks  to  the  rear  of  St.  Joha 
city  and  elsewhere. 

In  the  areas  coloured  Cambro-Silurian,  extending  along  the 
county  line  of  Kings  and  Queens,  belts  of  rock  which  very  closely 
resemble  those  just  described  are  found.  They  consist  of  hard  fel- 
sites,  often  porphyritic,  with  felsitic,  chloritic  and  talcose  schist,  and 
fine  and  coarse  diorites.  After  many  ineffectual  attempts  to  separate 
these  satisfactorily  from  other  slaty  beds,  with  which  they  are  intim- 
ately associated,  the  greater  part  of  these  areas  was  included,  pro- 
visionally, in  the  metamorphic  Cambro-Silurian  system.  These  areas 
of  igneous  rock  are  in  no  place  of  great  extent,  but  appear  as  crests 
of  ridges  exposed  by  denudation  and  protruding  through  the  over- 
lying strata. 

In  fact,  the  greater  part  of  the  formations  of  southern  New  Bruns- 
wick have  been  so  intricately  folded  that  the  problem  of  deciphering 
their  exact  age  has  been  a  very  difficult  one ;  and  it  is  to  be  presumed 
that  with  the  accession  of  new  light,  derived  from  the  study  of  similar 
rocks  elsewhere,  other  important  changes  will  be  found  necessary. 

The  views  concerning  the  geology  of  the  islands  called  the  West- 
ern isles,  in  Passamaquoddy  bay,  have  undergone  the  same 
changes  as  already  described  in  connexion  with  the  Pre-Cambrian 
rocks  farther  east.  The  group  of  The  Wolves,  consisting  almost 
entirely  of  syenitic  and  gneissoid  rocks,  is  probably  the  western 
prolongation  of  similar  rocks  from  the  mainland  at  Lepreau;  while 
Campobello  and  Deer  islands,  together  with  the  greater  number  of 
the  smaller  islands  lying  between  these  and  the  shore,  represent,  pro- 
bably, the  extension  of  what  has  been  styled  the  Kingston  group. 
Ores  of  copper  and  iron  are  common,  in  which  respect  the  rocks 
resemble  those  of  the  metamorphic  Coastal  belt  east  of  St.  John,  as 
well  as  in  their  general  lithological  character. 

Recent  investigations  in  this  area  (1903)  have  shown  that  the 
rocks  of  the  islands  in  Passamaquoddy  bay  and  in  parts  of  the  main 
land  adjacent  to  the  north,  as  at  Letite,  Frye  island  and  elsewhere, 
consist  largely  of  altered  Silurian  sediments,  closely  associated  with 
dikes  and  masses  of  later  intrusives,  mostly  diabasic  in  character, 
which  have  locally  altered  the  Silurian  slates  and  limestones,  though 
the  contained  fossils  can  be  seen  at  several  points,  but  are  generally 
much  distorted. 
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From  1878  to  1903  no  detailed  examination  was  made  of  the 
Huronian  rocks  of  Southern  New  Brunswick.  In  1903  some  detailed 
work  was  done  in  Charlotte  county  and  has  since  been  extended  into 
St.  John  county  and  along  the  lower  St.  John  river.  While  the  exact 
position  of  the  several  divisions  of  the  Huronian  has  not  yet  been 
definitely  determined,  sufficient  has  been  learned  to  warrant  certain 
changes  in  the  distribution  as  defined  in  the  published  map  of  the 
district.  Great  portions  of  the  Huronian  are  known  to  be  igneous  in 
character  instead  of  sedimentary  as  was  at  one  time  supposed. 

The  Pre-Cambrian  of  Charlotte  county  has  already  been  referred 
to  in  the  notes  on  the  Laurentian.  In  the  St  John  River  areas,  as 
in  Kingston  peninsula,  the  rocks  are  also  largely  igneous,  consisting 
of  felsites,  both  reddish  and  grey,  which  are  cut  by  great  masses  and 
dikes  of  green  diabase.  On  Kennebecasis  island,  ililkiah  head,  and 
on  Long  island,  areas  of  Cambrian  slates  and  crystalline  limestones 
are  found,  but  the  relations  of  these  are  rather  with  what  was  form* 
erly  styled  the  Laurentian  than  with  the  Kingston  division,  and  the 
contacts  are  more  of  the  nature  of  intrusives  than  of  overlying 
sediments.  In  the  ridge  north  of  the  Long  reach  of  the  St.  John  river, 
composed  also  of  felsites,  diorites  and  hornblende  schist,  these  are 
overlaid  by  the  purple  beds  of  the  Etcheminian  (Cambrian)  and 
there  are  pebbles  in  the  lower  conglomerates  derived  from  the 
rocks  of  this  ridge.  This  is  the  belt  of  rocks  which  extends  across 
into  Charlotte  county,  coming  to  the  coast  west  of  Ragged  head  on 
the  west  side  of  Lepreau  and  extending  thence  nearly  to  Beaver 
harbour. 

Along  the  south  side  of  the  Long  reach,  between  Elmsdale  and 
Carter  point,  the  shore  shows  large  ledges  of  diabase  and  granite 
rocks,  all  clearly  igneous  in  character.  These  in  the  published  map 
were  coloured  as  Upper  Silurian  on  the  supposed  evidence  of  fossils. 
A  careful  search  during  the  past  year  failed  to  find  any  organic 
remains,  as  the  rocks  were  volcanic.  Along  the  shore  occasional 
patches  of  altered  slates  are  seen  with  the  felsite,  but  no  traces  of 
Upper  Silurian  sediments  were  here  seen. 

As  regards  the  Coldbrook  and  Coastal  some  changes  were  also 
noted.  Portions  of  the  former  were  observed  to  be  intrusive  in  the 
Etcheminian,  and  the  character  of  the  rocks  throughout  was  igneous. 
In  the  Coastal  division  east  of  St.  John  a  part  of  this  division  which 
is  highly  schistose  was  separated  and  placed  in  the  Devonian.  This 
included  a  part  between  Cape  Spencer,  east  of  St  John,  and  the 
mouth  of  the  Black  river,  and  on  the  west  it  included  a  considerable 
area  in  Pisarinco  peninsula  between  the  east  shore  and  Musquash 
harbour.  Farther  west  it  included  a  belt  extending  as  far  as  Dipper 
harbour.    In  character  these  rocks  resemble  Pre-Cambrian  schists. 
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but  a  re-examination  showed  them  to  be  highly  altered  Devonian 
sediments.  On  the  promontory  known  as  Taylor  island  the  red 
rocks  of  the  Bloomsbury  division  are  cut  by  huge  masses  of  green 
and  epidotic  diabase,  and  masses  of  the  red  slates  are  caught  in  the 
ingneous  rocks.  This  series  of  igneous  rocks  of  comparatively  recent 
date  extends  along  the  south  side  of  the  post  road  from  St.  John 
to  Lepreau  and  was,  on  the  published  map,  coloured  as  Pre-Cambrian 
(Laurentian).  Farther  east  of  St  John  the  Coastal  still  remains  as 
Pre-Cambrian,  in  large  part  underlying  the  Etcheminian  Cambrian, 
and  this  belt  of  rocks  extends  from  the  vicinity  of  Black  river  to  the 
east  end  of  Caledonia  mountain  in  Albert  county.  To  the  north  of 
this  certain  areas,  once  coloured  as  Pre-Cambrian,  can  now  with 
great  propriety  be  styled  intrusive  rocks  of  much  later  date. 

The  rocks  of  the  St.  John  group,  or  Cambrian  series,  were,  until 
1865,  as  already  stated,  regarded  as  an  integral  part  of  the  Devonian 
system.  The  early  researches  of  Messrs.  Hartt  and  Matthew  on  these 
rocks  have  been  alluded  to  in  former  pages,  but  of  late  years  their 
fauna  has  been  particularly  studied  by  the  latter  gentleman,  whose 
investigations  have  brought  to  light  many  interesting  facts  relative  to 
the  paleontology  of  the  group,  the  results  of  which  nave  appeared, 
from  time  to  time,  in  several  papers  contributed  to  the  Royal  Society 
of  Canada  and  elsewhere.  The  lowest  recognized  portion  of  the 
Cambrian  containing  fossils  consists  of  purple  quartzose  sandstones 
and  conglomerates,  with  shales,  the  former  apparently  derived  from 
the  underlying  groups.  These  are  succeeded  by  red  and  greenish- 
grey  argillites,  often  micaceous,  whitish  and  grey  sandstones,  with 
grey  and  dark  grey  sandstones  and  shales,  the  latter  of  which  are 
often  fossiliferous,  and  contain  a  variety  of  trilobites,  such  as  Con- 
oeephalites,  Microdiscu**  Agnostus  and  Paradoxide*,  all  of  Pri- 
mordial type,  together  with  Lingula,  Obolella,  Discina  and  Orthis. 
They  lie  in  well  denned  basins  upon  the  Huronian  rocks.  At  least 
six  of  these  Cambrian  belts  are  known.  Among  the  most  important 
are  the  areas  in  the  city  of  St.  John  and  the  great  development  which 
extends  thence  northeasterly  past  the  Loch  Lomond  lakes  towards 
the  upper  part  of  the  Hammond  river.  Other  areas  consist  of  outly- 
ing patches,  which  have  apparently  escaped  denudation,  and  which 
serve  to  illustrate  the  great  dislocations  by  which,  in  many  cases, 
these  rocks  have  been  affected.  The  smaller  areas  about  Kcnnebecasis 
bay  are  overlapped  by  Upper  Devonian  sediments. 

Though  no  fossils  of  value  for  determination  have  yet  been  found 
in  the  crystalline  limestone  and  associated  slate  and  quartzite  which 
occur,  in  the  western  part  of  St.  John  city,  and  between  that  place 
and  the  Kennebecasis,  the  marked  similarity  between  the  slate  and 
quartzite  beds  so  associated,  and  those  of  portions  of  the  Cambrian 


54 


NEW  BRUNSWICK 


proper,  points  strongly  to  the  supposition  that  these  rocks  with  the 
limestone  bands  or  lenses,  formerly  supposed  to  be  a  part  of  the 
Laurentian  series,  may  properly  be  placed  in  the  lowest  Cambrian 
system.  The  fact  that'  these,  as  well  as  the  Etcheminian  division  of 
the  Cambrian,  are  cut  by  the  same  series  of  igneous  rocks  which 
were  formerly  regarded  as  a  part  of  the  Coldbrook  Huronian,  and 
have  been  altered  along  the  contacts,  makes  the  whole  question,  in 
the  absence  of  characteristic  fossils,  difficult  to  determine  definitely. 

The  Cambro-Silurian  system,  as  at  present  understood,  comprises 
all  the  formations  between  the  Potsdam  sandstone  and  the  Hudson 
River  or  Lorraine  shales,  both  inclusive.  In  New  Brunswick  the 
subdivision  into  intermediate  groups  has  not  yet  been  attempted 
the  rocks  of  the  series  being  entirely  different  in  character  from  those 
found  in  Quebec  and  Ontario.  The  system  comprises  certain  rocks 
known,  for  the  most  part  at  least,  to  underlie  the  fossiliferous 
Silurian,  and  to  overlie  the  Cambrian.  The  characters  of  these  have 
already  been  given. 

In  their  distribution  the  rocks  which  were  supposed  to  be  of 
Cambro-Silurian  age,  in  1878-79,  form  a  belt,  principally  of  metamor- 
phosed sediments,  extending  from  the  western  boundary  of  the  pro- 
vince diagonally  across  the  county  of  Charlotte  to  its  northeast 
corner,  flanking  on  its  north  side  the  great  granitic  area  for  the 
greater  part  of  the  distance.  Thence  it  extends  to  the  River  St 
John,  in  the  vicinity  of  Hampstead,  and,  reappearing  on  the  eastern 
bank,  continues  along  the  county  line  of  Kings  and  Queens  for  a 
further  distance  of  twenty  miles.  The  northern  limit  is  fixed,  for 
the  most  part,  by  the  unconformably  overlying  interior  basin  of 
Devonian  sediments;  but  to  the  west,  at  the  head  of  Oak  bay,  and 
to  the  east  of  the  granite  area  in  southwestern  Queens  it  is  over- 
lapped by  strata  of  Silurian  age.  Much  of  the  country  occupied  by 
these  rocks  is  exceedingly  difficult  of  access,  and  a  more  detailed 
examination  has  changed  somewhat  the  outlines  of  the  area  as  de- 
fined. Large  portions  of  these  rocks  have  recently  been  transferred 
to  the  Upper  Silurian,  which  is  the  horizon  at  which  they  were  placed 
more  than  thirty  years  ago. 

Rocks  of  the  Silurian  system  occur  at  several  places  in  the  south- 
ern part  of  the  province.  Along  the  coast  of  Charlotte  they  are 
found  sometimes  in  small  lenticular  basins,  which  have  been  enfolded 
with  areas  of  other  rocks  largely  along  the  shores  of  Passaina- 
quoddy  bay;  the  association  being  intricate  and  often  obscure,  as  in 
the  case  of  the  Mascarene  series.  Certain  beds  are,  however,  well 
defined  by  the  presence  of  characteristic  fossils,  which  are  probably 
of  the  horizon  of  the  Niagara  formation.  The  fossiliferous  beds  are 
also  well  seen  around  the  upper  part  of  Oak  bay,  and  from  this  place 
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they  extend  in  a  continuous  belt  along  the  south  side  of  the  granite 
area  as  far  east  as  New  river,  a  distance  of  thirty  miles  .  In  the 
southeastern  part  of  the  province  they  have  not  been  definitely  re- 
cognized; but  along  the  St  John  river,  in  the  vicinity  of  the  Kings 
and  Queens  county  line,  they  form  a  considerable  area,  abounding 
in  fossils  at  many  points,  and  resting  unconformably  upon  the  rocks 
of  the  Huronian  and  Cambrian  systems. 

The  Devonian  system  has  a  considerable  development  in  the  south- 
ern portion  of  the  province,  and  contains  many  points  of  interest. 
It  is  noted  for  the  abundance  of  the  plant  remains  which  have  been 
obtained  largely  from  one  of  the  lower  members,  the  Dadoxylon 
sandstone,  and  from  its  yielding  the  earliest  remains  of  insect  life 
yet  known,  at  least  in  America.  The  flora,  both  from  the  formations 
in  New  Brunswick  and  from  Oaspe,  were  carefully  studied  by  the 
late  Sir  William  Dawson  many  years  ago,  and  the  results  have 
appeared  in  a  series  of  papers,  ranging  in  date  from  1859  to  1882, 
which  have  been  readily  accepted  as  standards  for  the  determination 
of  the  several  divisions. 

The  rocks  of  the  system  have  been  divided  into  five  groups,  viz., 
Bloomsbury  at  the  base,  Dadoxylon,  Cordaite  shale,  Mispeck  and 
Perry.  Of  these  the  first  is  largely  made  up  of  igneous  rocks  which 
cut  across  and  sometimes  occur  in  large  masses,  associated  with  cer- 
tain beds  of  reddish  conglomerate,  sandstone  and  shale.  These 
sediments  pass  up  into  the  Dadoxylon  sandstone  and  shale,  generally 
greyish,  sometimes  abounding  in  plant  remains,  the  lower  beds 
occasionally  changed  to  a  hard  quartzite.  Many  of  the  plant  remains 
are  in  a  fine  state  of  preservation,  including  in  the  shale  beds  several 
kinds  of  ferns,  with  insect  wings  and  remains  of  crustaceans. 

The  Cordaite  division  consists  of  greenish-grey  and  purple-tinted 
shale  and  sandstone,  in  certain  portions  of  which  remains  of  Cor- 
daites  are  abundant  and  well  preserved,  whence  the  name  of  the 
division.  These  rocks  pa9s  up  without  apparent  break  into  the  Mis- 
peck  division  which  contains  numerous  beds  of  conglomerate  and  is 
often  purple  tinted.  Above  all  are  the  Perry  conglomerate  and 
snadstone  series,  generally  reddish-brown  in  the  lower  portion,  but 
gradually  passing  up  into  greyish  beds  of  grit,  shale  and  sandstone, 
with  occasionally  conglomerates  which  appear  to  constitute  the  upper 
part  of  the  Devonian  series.  In  these  upper  grey  beds  plant  remains 
are  often  abundant,  certain  forms  being  similar  to  those  found  in 
the  Gaspe  series. 

In  certain  places  the  Devonian  rocks  are  much  altered,  passing 
into  schists  of  Pre-Cambrian  aspect,  and  occasionally  they  are  cut  by 
masses  of  diabase,  with  sometimes  a  great  development  of  quartz 
in  the  form  of  veins  and  large  masses;  so  that  in  this  system  we 
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have  in  the  vicinity  of  St.  John,  on  the  east  side  of  Courtney  bay,  a 
regular  sequence  of  the  different  formations  from  the  Bloom sbury 
division  at  the  base  to  the  upper  or  Perry  group.  The  flora  from 
this  upper  division  closely  resembles  that  from  what  is  known  as  the 
Horton  series  as  seen  on  the  Avon  river  in  Nova  Scotia.  In  that 
portion  between  the  red  conglomerates  and  the  upper  grey  shales  is 
situated  the  series  of  bituminous  shales,  that  in  Albert  county  hold 
the  peculiar  mineral  called  'Albertite'  and  known  usually  by  the 
name  '  Albert  shale,'  and  which  form  a  well-defined  area  extending 
from  near  the  village  of  Hampton  on  the  west  into  Westmorland 
county  near  Dorchester  and  Memramcook  on  the  east. 

Along  the  coast  of  the  Bay  of  Fundy  east  of  St.  John  the  areas 
of  the  Devonian  are  somewhat  limited,  the  principal  being  that 
already  referred  to  east  of  the  harbour  at  Courtney  bay.  Here  the 
rocks  occupy  a  true  basin  and  extend  from  Little  river  on  the  north 
to  Cape  Spencer  on  the  south.  They  are  here  in  the  form  of  a  double 
syncline  which  extends  inland  for  about  eight  miles.  Farther  east 
the  upper  or  Perry  division  extends  along  the  coast  as  far  as  the 
village  of  St  Martin,  the  rocks  in  places  being  much  broken  up  and 
sometimes  altered.  Still  farther  east  they  again  appear  on  the  coast 
of  Albert  county  and  can  be  followed  from  Cape  Wolf  to  Shepody 
mountain,  both  the  Perry  conglomerate  and  the  upper  grey  plant- 
bearing  shales  and  sandstone  being  well  exposed,  especially  in  that 
part  between  Cape  Enrage  and  New  Horton  where  the  strata  are 
highly  tilted,  sometimes  reaching  the  vertical. 

Inland  the  Perry  formation  occupies  the  shores  of  Kennebeeasis 
bay  and  several  islands  there,  and  then  continues  eastward  along 
the  valley  of  the  Kennebeeasis  river  as  far  as  Sussex,  where  it  be- 
comes covered  in  part  by  the  unconformubly  overlying  beds  of  con- 
glomerate, limestone  and  gypsum  of  the  Lower  Carboniferous  forma- 
tion. The  Perry  beds  again  appear  and  have  a  considerable  extent 
in  eastern  Kings  and  Albert  counties  where  the  Albert  shale  portion 
is  well  developed. 

West  of  St.  John  the  several  divisions  are  also  well  exposed.  The 
Bloom8bury  red  beds  with  the  igneous  epidotic  masses  show  in  the 
Carleton  portion  of  the  city,  whence  they  continue  at  intervals  to 
the  village  of  Musquash,  followed  in  ascending  order  by  the  other 
divisions  into  the  Perry,  which  is  well  seen  at  Point  Lepreau  resting 
here  upon  the  Dadoxylon  sandstone.  The  intermediate  divisions  are 
highly  altered  about  Piscarinco  and  in  the  portion  west  of  Musquash 
harbour,  becoming  crystalline  schists  with  masses  of  igneous  rocks, 
often  felsites  or  rhyolites. 

The  Perry  rocks  west  of  Lepreau  show  at  a  number  of  points  on 
the  coast  of  Charlotte  county,  but  are  especially  developed  about  the 


57 


town  of  St.  Andrews  when  they  cross  the  St.  Croix  and  pass  into  the 
State  of  Maine,  where  they  have  been  recently  studied,  as  regards 
their  flora,  by  Mr.  David  White,  of  Washington,  by  whom  their 
Devonian  age  has  been  declared. 

The  largest  area  in  the  southern  half  of  the  province  is  found 
underlying  the  central  Carboniferous  basin.  This,  beginning  at  the 
boundary  of  Maine,  extends  to  the  St  John  river,  and  has  in  Char- 
lotte county  a  breadth  of  about  twelve  mites,  bounded  on  either  side 
by  rocks  of  Silurian  age.  That  it  underlies  a  very  considerable  por- 
tion of  the  Carboniferous  central  basin  is  seen  from  the  occurrence 
at  intervals,  as  about  the  head  of  the  Grand  lake  and  on  Canaan  riven 
of  outcrops  of  Devonian  slates,  sometimes  in  the  beds  of  the  streams 
where  they  are  unconformably  capped  by  the  Millstone-grit  division. 
These  Devonian  strata  have  apparently  participated  in  the  series  of 
disturbances  which  affected  all  the  formations  in  the  southern  part 
of  the  province  older  than  the  Carboniferous. 

In  the  western  portion  of  the  province  outcrops  of  the  conglom- 
erates of  Ferry  age  are  seen  in  Carkton  county  a  short  distance 
above  Woodstock,  whence  t£ey  pass  northeast  and  cross  the  St.  John 
river  two  miles  south  of  the  village  of  Hartland.  Here  they  spread 
out  and  form  an  area  of  considerable  extent  to  the  eastward,  resting 
upon  Upper  Silurian  rocks.  These  grey  beds  associated  with  these  red 
conglomerates  also  contain  plant  remains  similar  to  those  which 
occur  with  the  upper  grey  beds  of  the  Perry  in  St.  John  county.  It 
is  also  probable  that  a  portion  of  the  area  along  the  Tobique  river 
in  the  vicinity  of  Plaster  Rock,  and  on  several  streams  to  the  south, 
should  be  assigned  to  the  horizon  of  the  Perry  division,  but  the  de- 
tails of  this  area  have  not  yet  been  worked  out. 

The  Carboniferous  system  is  divided  into  three  parts,  viz.,  the 
Lower,  the  Middle  and  Upper.  The  Middle  division  in  Nova  Scotia 
is  subdivided  into  two  portions,  the  Millstone-grit  and  the  Produc- 
tive coal  measures.  Of  these  in  New  Brunswick,  apparently  only 
the  first  is  represented,  the  coal  seams  known  in  the  province  belong- 
ing to  this  division  and  the  true  coal  measures  being  absent. 

To  the  Lower  Carboniferous  division  belong  the  marine  lime- 
stones and  the  gypsum  deposits.  These  are  usually  regarded  as 
constituting  the  base  of  the  entire  system;  but  with  them  are  asso- 
ciated certain  conglomerates,  sometimes  greenish  and  sometimes 
reddish,  which  rest  upon  the  upper  part  of  the  Devonian.  Above 
the  gypsiferous  measures  other  conglomerates  with  marly  reddish 
shales  occur,  which  directly  underlie  the  grey  Millstone  grit  con- 
glomerate. As  a  rule  the  Lower  Carboniferous  beds  are  but  little 
disturbed,  their  inclinations  being  at  low  angles,  though  thrown  into 
undulations.    In  places  near  the  base,  intrusive  masses  of  diabase  and 
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rhyolite,  sometimes  porphyritic,  occur,  and  some  of  the  largest  de- 
posits of  manganese  in  the  province  are  found  near  the  bottom  of 
the  series  at  the  contact  of  the  limestone  with  the  old  rocks,  as  at 
Markhamville  and  at  Jordan  mountain. 

The  general  characters  of  the  Carboniferous  formations,  as  given 
from  the  time  of  Dr.  Gcsner,  down  to  the  publication  of  the  general 
map  in  1878-79,  have  been  described  in  considerable  detail  in  the  pre- 
ceding pages. 

The  total  area  of  Middle  Carboniferous  rocks  is  about  12,000 
square  miles,  throughout  which  great  uniformity  of  character  is  ap- 
parent. Over  the  greater  portion  extends  a  thin  seam  of  coal  which 
crops  out  on  Grand  lake  and  on  the  Richibucto  river,  where  it  has 
been  worked  for  many  years,  and  at  various  other  points  along 
its  entire  border.  This  seam,  while  varying  slightly  in  thick- 
ness, in  no  place,  however,  amounting  to  more  than  twenty  or 
twenty-three  inches,  is  very  uniform  in  general  character;  and  it  is 
probable  that  all  the  outcrops  noted  pertain  to  the  same  seam,  brought 
to  the  surface  at  intervals  by  a  series  of  low  anticlines  which  affect 
the  measures  throughout  their  entire  extent,  following  generally  a 
course  parallel  to  the  Pre-Cambrian  ridges  which  surround  the  basin, 
on  the  south  and  northwest.  Throughout  the  counties  of  Kent,  Nor- 
thumberland and  Gloucester,  which  comprise  the  area  bordering  on 
the  Gulf  of  St.  Lawrence,  the  character  of  the  sediments  is  similar  to 
that  of  the  recognized  Millstone-grit  areas  of  the  Bay  of  Fundy  coast, 
though  the  horizontality  of  the  beds  is  such  that  but  little  informa- 
tion can  be  obtained  from  surface  examination  as  to  the  entire  thick- 
ness of  the  formation.  In  eastern  Westmorland  the  investigations 
of  1884  resulted  in  the  discovery  of  many  interesting  facts  in  regard 
to  the  structure  and  thickness  of  the  several  formations  comprised 
in  this  system. 

The  thickness  of  the  Middle  Carboniferous  in  the  central  basin,  as 
given  in  the  report  for  1872-73,  has  also  been  considerably  changed 
by  the  study  of  the  rocks  farther  east.  Thus  the  three  divisions  above 
the  Lower  Carboniferous  were  at  that  time  regarded  as  follows  : 

Barren  measures  probably  Millstone-grit. .  . .    200  feet. 

Productive   200  " 

Upper  Carboniferous   200  " 

This  view  was  modified  in  1878,  and  the  whole  interior  area 
was  referred  to  the  horizon  of  the  Millstone-grit.  The  sections 
of  this  formation  in  the  vicinity  of  Dorchester  have  shown  that  it 
has  a  thickness  of  at  least  1,000  feet,  and  that  it  is  directly  over- 
lapped by  the  Upper  Carboniferous  formation  which  extends  thence 
over  a  considerable  part  of  eastern  Westmorland  county,  occasion- 
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ally  broken  by  tho  presence  of  ridges  of  Millstone-grit  rocks.  Where 
the  contact  is  not  with  the  Millstone-grit  the  Upper  formation  rests 
directly  on  the  Lower  Carboniferous,  which  arrangement  is  also  seen 
in  the  adjoining  province,  in  the  area  lying  south  of  Northumberland 
strait 

The  westward  extension  of  the  magnificent  Joggins  section  touches 
the  coast  of  New  Brunswick  only  in  its  lower  part  ;  the  Productive 
measures,  in  which  the  Joggins  coal  seams  are  found,  trending  out 
into  the  bay,  and  being  exposed  on  no  part  of  the  shore  of  the 
province.  The  general  horizon  tali  ty  of  the  measures  shows  that  the 
disturbances,  which  so  profoundly  affected  the  coal-fields  of  Spring 
Hill  and  Pictou,  did  not  extend  in  this  direction,  while  the  apparent 
absence  of  the  coal  measures  over  any  portion  of  New  Brunswick, 
in  so  far  at  least  as  can  be  at  present  determined,  leads  to  the 
assumption  that  this  area  was  for  a  considerable  period  already  per- 
manently raised  above  the  sea. 

Several  outlying  patches  of  the  Middle  Carboniferous  are  seen  at 
points  outside  the  central  area.  In  character  of  sediments  they  do 
not  differ  from  those  already  described,  and  contain  also  a  thin  seam 
of  coal.  Among  these  may  be  mentioned  that  of  Prince  William, 
about  twenty  miles  west  of  Fredericton,  and  at  Dunsinane  on  the 
railway  between  Sussex  and  Petitcodiac. 

Extensive  traces  of  volcanic  activity  are  manifest  at  many  points, 
especially  in  the  Lower  Carboniferous  formation.  Thick  beds  of 
ash  rocks,  conglomerates  and  breccias,  together  with  various  traps, 
are  found,  not  only  around  its  border,  but  in  isolated  hills  which,  by 
the  agency  of  denudation,  now  appear  prominently  from  beneath  the 
grey  sandstones  of  the  Millstone-grit  in  the  very  centre  of  the  coal 
district.  In  places,  these  trappean  masses  are  apparently  overflows 
from  dikes  which  have  cut  the  lower  beds  of  the  Lower  Carbonifer- 
ous, and  have  altered  these  along  the  contact  in  the  same  manner  as 
the  sandstones  of  the  Bay  of  Fundy  have  been  affected  by  the  trap 
outflows  of  the  Triassic  time. 

The  Triassic  formation  is  well  seen  about  the  village  of  St. 
Martin  on  the  north  shore  of  the  Bay  of  Fundy,  about  thirty  miles 
east  of  the  city  of  St.  John.  As  exposed  on  the  shore  it  consists  of 
bright  red,  rather  soft  sandstone,  which  rests  in  part  upon  the  Perry 
conglomerate  and  sandstone  and  in  part  on  igneous  rocks  of  St. 
Martin  head.  Inland,  the  sandstone  becomes  associated  with  pebbly 
conglomerates  and  with  interstratified  sandstone  and  shale.  Traces 
of  plant  stems  have  been  observed  in  these  beds,  but  have  not  yet 
been  definitely^  determined.  The  formation  extends  east  from  the  vil- 
lage as  far  as  Melvin  beach,  a  distance  of  seven  miles,  and  has  a 
breadth  inland  to  the  foot  of  the  mountain  range  of  about  two  miles, 
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occupying  a  basin-shaped  area,  the  northerly  dips  seen  along  the 
shore  changing  to  the  south  near  the  contact  "with  the  underlying 
rocks  inland. 

Other  small  areas  are  seen  in  Albert  county  on  the  shores  of  Salis- 
bury bay  to  the  east,  and  to  the  west  between  Red  head  and  Gardner 
creek  where  they  also  rest  upon  the  Upper  Devonian  formation. 

On  the  island  of  Grand  Manan  the  Trias  is  represented  princi- 
pally by  a  large  mass  of  trap  or  diabase,  often  columnar,  sometimes 
ashy  and  amygdaloidal,  resembling  that  of  the  North  Mountain 
range  in  Nova  Scotia.  On  the  west  shore  of  the  island  at  low  water 
small  exposures  of  red  Triassic  sandstone  are  reported,  similar  to 
those  just  described. 

Leaving  for  the  present  the  consideration  of  the  igneous  rocks, 
which  constitute  an  important  element  in  the  geology  of  this  part  of 
the  province,  we  will  now  examine  the  structure  of  its  northern  and 
western  portions. 

The  earlier  investigations  of  Dr.  Gesner  and  others  have  already 
been  reviewed  down  to  the  year  1874.  Upon  the  completion  of  the 
map  of  southern  New  Brunswick  the  examination  of  these  sections 
was  at  once  commenced,  the  northern  part  by  the  author  of  this 
paper  ;  the  western  by  Professor  Bailey  and  Mr.  W.  Broad  ;  while 
the  superficial  geology  of  the  district  was  entrusted  to  Dr.  R.  Chal- 
mers. Reports  on  the  former  area  appeared  in  1879-80,  1880-81,  by 
the  writer,  and  on  the  latter  by  Professor  Bailey,  1882-83-84,  and 
1885.  Investigations  were  also  carried  on  for  a  short  time  in  1879, 
by  Dr.  G.  F.  Matthew,  in  Carleton  county,  the  results  of  which  were 
not  published  separately,  but  were  subsequently  embodied  in  the 
report  by  Professor  Bailey  on  the  area  in  question. 

The  difficulties  encountered  in  tracing  out  the  various  formations 
were  far  greater  in  this  section  than  in  that  already  described,  owing 
to  the  fact  that,  with  the  exception  of  narrow  belts  of  settled  lands  in 
the  vicinity  of  the  St  John  river  on  the  west,  and  along  the  shores  of 
Chaleur  bay  on  the  east,  and  for  a  short  distance  inland  along  the 
course  of  the  principal  streams,  the  country  is  an  entire  wilder- 
ness ;  the  only  means  of  access  to  its  interior  is  by  canoes  along 
the  various  rivers  which  rise  in  close  proximity  to  each  other  in  the 
series  of  mountains  constituting  the  watershed.  Of  these  streams 
the  principal  flowing  to  the  east  are  the  Restigouche,  Nipisiguit  and 
the  branches  of  the  Miramichi  ;  to  the  west  the  Tobique,  and  several 
other  large  branches  of  the  St.  John.  From  the  explorations  that 
have  been  thus  carried  on  the  following  systems  have  been  clearly 
recognized  : — 

P  re-Cambrian  Comprising   gneisses,    syenites,    schists  of 

various  kinds  and  fekites. 
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Cambro-Silurian. .Which,  as  in  southern  New  Brunswick,  may 

also  comprise  limited  areas  of  Prc-Cam- 
brian,  and  even  Cambrian  rocks,  at  pre- 
sent not  separable. 

Silurian  Limestones,    slates    and    sandstones,  often 

highly  fossil  if  erous. 

Devonian  Principally  developed  about  Chaleur  bay,  and 

in  Oaspe  peninsula,  but  also  as  patches 
overlying  the  Silurian  rocks  inland. 

Carboniferous  Lower  or  Bonaventure  formation. 

Middle  or  Millstone-grit. 
Upper,  along  the  shore  of  the  Gulf  of  St 
Lawrence  and  Northumberland  straits. 

Volcanic  or  Igneous  rocks. 

In  the  study  of  the  Pre-Cambrian  areas  of  northern  New  Bruns- 
wick no  attempt  has  yet  been  made  to  separate  the  divisions  of  the 
Pre-Cambrian;  since,  in  the  present  largely  inaccessible  condition  of 
the  country,  such  separation  must  of  necessity  be  very  imperfect 
Various  rocks  occur  which  approach  very  closely  in  character  to  the 
oldest  rocks  of  St  John  county,  and  which,  apparently,  form  the 
lowest  members  of  the  Pre-Cambrian  series,  being  clearly  distingu- 
ished from  the  upper  or  schistose  portion.  Of  the  former  are  the 
gneisses  and  syenites,  with  certain  felsites,  which  are  extensively 
developed  about  the  headwaters  of  the  Nipisiguit  river,  whence  they 
extend  southwesterly,  crossing  the  upper  part  of  the  south  branches 
of  the  Tobique;  but  it  is  worthy  of  remark  that  in  all  the  areas  of 
these  rocks  yet  examined  in  this  portion  of  the  province,  no  traces  of 
the  crystalline  limestones  which  are  so  conspicuous  in  the  older  rocks 
of  southern  New  Brunswick  have  yet  been  found.  On  the  Teta- 
gouche  river  beds  of  graphitic,  and  to  some  extent  crystalline  lime- 
stone, occur,  which  resemble  somewhat  those  of  St.  John,  but  their 
intimate  association  with  blackish  slates  that  belong  to  the  Cambro- 
Silurian  graptolitic  series  near  the  mouth  of  that  stream  renders  it 
probable  that  these  may  belong  to  that  horizon,  and  that  their  altera- 
tion is  due  largely  to  local  intrusions  of  dioritic  masses,  in  the  same 
way  as  is  seen  in  the  alteration  of  the  fossiliferous  Silurian  lime- 
stones into  marble  near  Chaleur  bay. 

In  general,  the  Pre-Cambrian  rocks  of  this  section  greatly  resem- 
ble those  of  the  recognized  divisions  already  described.  There 
is  probably,  however,  a  greater  preponderance  of  true  felsites, 
and  a  smaller  development  of  the  ashy  or  volcanic  portions  of  the 
Coldbrook  and  Coastal  groups,  but  feleitic,  chloritic  and  talcose 
schists,  epidotic  rocks,  gneises,  etc.,  are  common  at  many  places 
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throughout  the  area  in  question.  They  occupy  an  extensive  tract  of 
country  extending  diagonally  across  the  northern  portion  of  the  pro- 
vince, from  a  short  distance  above  the  Forks  of  the  Main  Southwest 
Miramichi,  on  the  west,  nearly  to  the  mouth  of  the  Jacquet  river,  on 
Chaleur  bay.  The  greatest  breadth  of  this  area,  on  a  line  drawn 
across  to  the  head  of  the  Tobique  river,  is  about  forty-five  miles,  in 
which  is  included  a  breadth  of  twelve  miles  of  intrusive  granites.  The 
principal  area  regarded  as  Prc-Cambrian  is  overlapped  by  the  Silur- 
ian on  the  east,  a  short  distance  after  crossing  the  Tetagouche  river, 
on  which  stream  its  southern  boundary  is  seen  about  sixteen  miles 
from  its  mouth.  The  Silurian  rocks  here  occupy  an  elongated  basin, 
extending  inland  for  some  distance  beyond  the  upper  waters  of  the 
Upsalquitch  river,  bounded  on  the  north  by  the  prolongation  of  the 
felsite  area,  which  can  be  traced  continuously  from  the  Tobique  lake 
across  the  latter  stream,  and  along  the  north  side  of  the  Jacquet 
river  nearly  to  its  mouth.  On  the  upper  part  of  the  Upsalquitch, 
gabbros  are  associated  with  the  gneisses  that  constitute  the  high  hills 
in  this  vicinty;  but  along  the  watershed  which  divides  the  streams 
flowing  into  the  Gulf  of  St.  Lawrence,  viz.,  the  various  branches  of 
the  Miramichi,  and  those  into  the  Tobique,  the  Pre-Cambrian  rocks 
have  been  broken  through  by  a  great  mass  of  granitic  and  syeuitic 
rocks,  precisely  similar  in  character  to  those  of  Charlotte  county. 
The  southern  margin  is  also  for  some  distance  bounded  by  similar 
granites,  which  are  extensively  exposed  on  the  upper  part  of  the 
Main  Southwest  Miramichi  and  its  tributaries. 

On  all  the  streams  which  flow  cast  between  the  Nipisiguit  and  the 
Main  Southwest  Miramichi  the  rocks  called  Pre-Cambrian  are  easily 
recognized.  Their  intense  degree  of  metamorphism,  regional  rather 
than  local,  distinguishes  them  from  those  of  the  overlying  formations, 
while  in  many  places  there  is  a  marked  unconformity  between  them. 
The  western  boundary  of  the  series  is  seen  on  Nictor  lake,  which  is 
at  the  head  of  the  Tobique  river,  in  several  islands  and  in  the  great 
peak  known  as  the  Bald  mountain,  whence  a  high  chain  of  hills 
extends  to  the  right  hand  branch  of  the  Tobique,  crossing  it  a 
short  distance  below  the  forks  of  the  Campbell  and  Serpentine 
rivers,  and  continuing  with  a  more  southwesterly  trend  to  the 
forks  of  the  Miramichi.  On  the  Nipisiguit  its  eastern  boundary  is 
seen  a  short  distance  below  Indian  falls,  not  far  from  the  47  mile 
post  on  this  stream.  The  northeastern  area  is  divided  into  three 
parts  by  basin-like  overlaps  of  Cambro-Silurian  and  Silurian  strata, 
presently  to  be  described. 

To  the  south,  the  Pre-Cambrian  is  overlaid  principally  by  rocks  of 
the  Cambro-Silurian  and  Cambrian  systems,  arid  on  the  west  by 
sediments  of  various  ages,  up  to  the  Lower  Carboniferous. 
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The  Cambro-Silurian  and  Cambrian  rocks  resemble  those  of  the 
areas  already  described  under  this  head  in  previous  pages.  They 
consist  of  slates,  grey,  red,  and  black,  with  quartzose  sandstones,  some- 
times schistose,  and  when  in  contact  with  the  granites  contain 
abundance  of  crystals  of  staurolite,  mica,  etc.  Certain  bands  of  the 
red  and  green  slates  aro  persistent  for  long  distances,  and  can 
readily  be  traced  from  their  northerly  terminus  on  Chaleur  bay 
southwesterly  into  the  county  of  York.  In  character  these  slates 
of  various  colours,  with  their  associated  sandstones,  resemble  very 
closely  certain  beds  of  the  Levis  and  Sillery  divisions  of  the  Quebec 
group,  and  this  resemblance  is  strengthened  by  the  occurrence  of 
graptolitea,  in  some  of  the  graphitic  layers,  similar  to  those  found  in 
that  group.  As  in  the  southern  portion  of  the  province,  certain 
areas  of  highly  metamorphic  rocks  also  occur,  which  lithologically 
closely  resemble  Pre-Cambrian ;  but  as  in  the  case  of  the  more  south- 
ern area,  these  are  so  intimately  associated  with  other  sediments  as 
to  render  their  separation  impossible  for  the  present  The  alteration 
of  many  of  these  sediments  is  probably  in  part  due  to  local  intrusion 
of  igneous  rocks,  and  in  part  to  the  folding  to  which  they  havp  been 
subjected. 

The  rocks  now  considered  of  Cambro-Silurian,  and  in  part  of 
Cambrian-age,  are  in  great  part  those  described  by  Drs.  Gesner  and 
Robb  as  Cambrian,  while  in  the  map  accompanying  Acadian 
Geology  they  were  comprised  under  the  term  Lower  Silurian.  To 
the  southwest  they  occupy  a  large  portion  of  the  county  of  York, 
whence  they  extend  into  the  adjoining  state  of  Maine.  In  this  direc- 
tion they  are  directly  overlaid  by  Carboniferous  sediments  of  the 
central  basin,  the  Devonian  and  Silurian  being  largely  concealed,  or, 
at  best,  represented  only  by  detached  outliers  of  very  limited  extent. 
Their  northwest  outline  crosses  the  International  Boundary  into 
Maine,  about  two  miles  south  of  what  is  known  as  the  Monument,  at 
the  source  of  the  St.  Croix  river,  whence,  trending  northeasterly,  it 
crosses  the  St  John  river  a  little  to  the  north  of  Woodstock,  and 
extends  nearly  to  tho  headwaters  of  the  Tobique.  Recent  investi- 
gation has  shown  that  in  this  belt  are  included  areas  of  fossiliferous 
Upper  Silurian,  more  especially  in  that  part  between  Canterbury  and 
Benton  on  the  line  of  the  Canadian  Pacific  railway. 

Areas  of  limestone  which  are  sometimes  crystalline  and  mica- 
ceous are  found  as  an  integral  portion  of  the  system  in  the  western 
area  near  Canterbury.  These  resemble  in  some  respects  the  crys- 
talline limestones  of  St  John,  and  are  associated  with  quartzites  and 
schistose  rocks.  The  occurrence  also  of  somewhat  similar  limestones 
in  the  eastern  area  as  a  part  of  the  same  formation  has  already  been 
referred  to. 
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While  then,  the  Cambro-Silurian  and  Cambrian  rocks  have  a 
somewhat  extensive  development  in  this  section  of  the  province,  their 
bulk  is  much  reduced  by  the  presence  of  large  masses  of  syenite  and 
granite  of  undoubtedly  much  later  date.  These  have  penetrated  the 
surrounding  beds,  into  which  large  dikes  and  veins  are  intruded  in  all 
directions,  while  huge  pieces  often  have  the  appearance  of  having 
torn  from  their  original  position,  and  of  being  now  held  in  the  igne- 
ous mass.  Their  action  on  the  slates  and  sandstones  is  marked,  not 
only  by  the  generation  of  crystals  of  various  kinds,  but  by  a  general 
alteration  of  the  contiguous  beds  into  schists  and  gneisses  containing 
mica. 

Two  principal  areas  of  these  rocks  are  seen,  the  more  southern 
flanking  the  south  side  of  the  Pre-Cambrian  axis  of  the  interior,  and 
continuing  to  the  shore  of  Chaleur  bay,  north  of  Bathurst,  the  other 
on  the  northwest  side  of  the  axis,  terminating,  as  described,  near  the 
headwaters  of  the  Tobique.  These  areas  are  distinctly  unconform- 
able to  the  underlying  series.  They  are  not,  as  a  rule,  rich  in  fos- 
sils, but  at  several  points  in  the  southern  belt,  notably  on  the  Teta- 
gouche  and  Miramichi  rivers,  different  forms  are  found,  including 
brachiopods,  as  well  as  graptolites.  These,  while  in  many  cases  too 
indistinct  for  perfect  determination,  present  features  more  nearly 
allied  to  Cambro-Silurian  forms  than  to  those  of  any  other  horizon  ; 
but  in  the  western  belt,  more  especially  on  the  North  branch  of  the 
Becaguimec  river,  in  Carleton,  a  wonderfully  mixed  fauna  is  found 
in  a  somewhat  limited  space.  At  one  point  on  this  stream,  near 
Shaw's  mill,  strata,  holding  fossils  which  appear  to  belong  to  this 
system,  are  apparently  interstratified  with  others  containing  Silurian 
forms,  while  in  close  proximity  are  beds  filled  with  remains  of  Psxh- 
phyion.  There  would,  therefore,  in  this  locality,  appear  to  be  three 
systems  represented,  of  which  the  Silurian  forms  seem  to  be  near  the 
base  or  junction  with  the  Cambro-Silurian.  This  peculiar  admixture 
of  so  many  different  horizons  can  probably  best  be  explained  on  the 
hypothesis  of  intimate  enfolding  and  subsequent  denudation,  by 
which  narrow  crests  of  older  ridges  are  exposed.  In  addition  to  the 
fossils  recently  found  at  this  place,  several  small  outlying  patches 
were  noted,  and  first  referred  to,  by  Mr.  C.  Robb  (Rep.  GeoL  Sur., 
1869).  and  others  were  subsequently  discovered  by  Mr.  Mclnnes,  in 
northern  York;  but  these  appear  to  be  more  closely  allied  to  Lower 
Helderberg  forms,  and  consequently  quite  distinct  from  the  rocks 
of  the  principal  Cambro-Silurian  area  upon  which  they  rest  at  limited 
outlying  patches. 

The  view  taken  by  Professor  Hind  of  this  portion  of  the  rocks 
in  northern  New  Brunswick,  as  representing  the  Quebec  group  of 
Canada  (see  his  Rep.  1865),  has  thus  been  fairly  sustained  by  later 
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investigation,  both  on  grounds  of  lithology  and  palaeontology.  The 
similarity  also  of  the  fossils  of  the  Becaguimec  area  to  those  of  the 
Lower  Trenton  group,  to  which  horizon,  a  portion,  at  least,  of  the 
fossil  if  erous  Quebec  group  belongs,  is  also  evident,  and  leads  to  the 
conclusion  that  a  repetition  of  these  rocks,  both  in  their  fossiliferous 
and  metamorphic  stages,  is  found  in  this  section  of  the  province. 

But  by  far  the  most  extensive  of  the  older  geological  systems  in 
this  area  is  the  Upper  Silurian.  This  occupies  the  entire  country 
along  the  St.  John  river  above  Woodstock,  extending  across  the  Reati- 
gouchc  river  into  the  adjoining  province  of  Quebec,  together  with 
the  greater  part  of  the  valley  of  the  Tobique,  where  it  is,  however, 
to  some  extent  overlapped  by  Lower  Carboniferous  sediments.  Thence 
it  extends  to  Chaleur  bay;  occupying,  with  the  exception  of  the 
supposed  Pre-Cambrian  belt  of  Jacquet  river,  and  sundry  areas  of 
diorite  and  trappean  rocks,  the  remaining  portion  of  the  province  to 
the  north,  and  including  the  valley  of  the  Restigouche  and  its  tribu- 
taries, as  well  as  a  large  portion  of  the  Gaspe  peninsula,  where  it  rests 
upon  the  southern  flank  of  the  Quebec  group. 

The  strata  of  this  system  are  thrown  into  a  series  of  anticlines, 
gouche  river  into  the  adjoining  province  of  Quebec,  together  with 
the  axes  of  which  are  well  exposed  on  the  various  streams,  and  the 
beds  are  in  places  highly  fossiliferous,  the  different  formations  from 
the  Niagara  to  the  Lower  Helderberg,  both  inclusive,  being  already 
recognized.  They  are  frequently  penetrated  by  dikes  and  masses  of 
trap,  often  of  large  extent,  some  of  which,  as  at  Dalhousie,  are  inter- 
calated sheets  between  the  fossiliferous  limestone  and  shales,  which 
have  been  altered  along  the  contact.  The  Silurian  here  contains 
traces  of  plant  stems,  which  are  probably  the  oldest  found  in  the 
province,  and  are  associated  with  distinctly  Silurian  forms.  The 
same  association  of  plants  in  Silurian  strata  is  found  in  the  Gaspe 
limestone  series  near  Gaspe  basin,  and  was  referred  to  by  Sir  Wm. 
Dawson  in  '  The  Fossil  Plants  of  the  Silurian  and  Devonian,  1871/ 
It  is  also  possible  that  the  plant  stems  noted  on  the  Becaguimec  may 
be  in  the  upper  beds  of  the  Silurian,  though  their  aspect  at  this  place 
is  more  markedly  Devonian. 

The  rocks  of  the  Devonian  system  occupy  but  limited  areas  in  this 
section,  and  are,  for  the  most  part,  confined  to  the  vicinity  of  the 
upper  portion  of  Chaleur  bay.  Several  small  outliers,  have,  how- 
ever, been  recognized  in  Oarleton  and  Victoria  counties,  the  fossils  of 
which  would  place  them  near  the  base  of  the  series.  Of  these,  the 
former  is  found  near  the  junction  of  the  Becaguimec  with  the  St. 
John,  where  certain  black  shales  are  exposed  in  a  narrow  band  con- 
taining abundant  remains  of  Pailophyton  princep*,  a  characteristic 
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Devonian  form  (see  Rep.  GeoL  Sur.,  C.  Robb,  1870-71).  This  area 
is  largely  concealed  by  Upper  Devonian  conglomerate,  and  sandstone, 
which  occupy  a  basin  formed  by  the  branches  of  the  first-named 
stream. 

In  the  section  along  the  Upsalquitch  river,  a  branch  of  the  Resti- 
gouche  from  the  south,  a  basin  of  Devonian  sandstone  and  shale, 
with  characteristic  plants,  was  observed  to  rest  unconfonnably 
upon  Silurian  rocks.  Its  extent  inland  could  not  be  traced,  as  the 
surrounding  country  is  densely  wooded.  As  st  other  points,  the  sedi- 
ments were  intersected  by  trappean  masses,  the  metamorphic  action 
of  which  was  quite  evident  and  proved  their  more  recent  age. 

On  the  Lower  Restigouehe,  areas  of  Devonian  rocks  are  found  on 
both  sides  of  the  stream  which  forms  the  dividing  line  between  the 
provinces  of  New  Brunswick  and  Quebec.  These,  on  the  south 
side,  extend  at  intervals  from  a  point  three  miles  above  Campbellton, 
to  within  a  couple  of  miles  of  Dalhousie.  The  shales  and  sandstones 
contain  plant  stems,  descriptions  of  which  are  given  in  the  report  of 
1879.  In  the  vicinity  of  Campbellton,  also,  beds  of  brecciated 
limestone  or  calcareous  breccia  have  yielded  a  comparatively  rich 
fauna  of  Devonian  fishes  such  as  Cephalaspis,  Coccosteus,  etc.,  repre- 
senting the  lower  part  of  the  system,  while  on  the  side  of  the 
river  opposite  Dalhousie,  other  beds  contain  an  abundance  of  fossil 
fishes,  which  have  been  described  by  Dr.  Whiteaves,  and  appear  to 
indicate  its  middle  or  upper  portion.  It  is  of  interest  to  note  that  as 
early  as  1842  these  remains  were  recognized  by  Dr.  Gesner,  who, 
however,  regarded  them  as  reptilian  in  their  character.  He  supposed 
the  containing  beds,  from  their  lithological  aspect,  were  portions 
of  the  New  Red  Sandstone  or  Carboniferous  formations,  and  it  was 
not  until  1879  that  these  interesting  fossils  were  rediscovered  by  the 
writer  and  the  true  position  of  the  beds  established.  The  Devonian 
of  this  locality  occupies  a  shallow  syncline.  The  strata  are  pene- 
trated by  trap  dikes,  two  periods  of  eruption  being  evident  from  the 
fact  that  the  lower  beds  at  Campbellton,  in  which  the  fishes  were 
found,  are  composed  largely  of  trappean  debris,  as  also  from  the  pre- 
sence of  pebbles  of  trap  in  the  conglomerates  elsewhere,  and  from  the 
occurrence  of  fossiliferous  strata  overlying  trappean  ridges.  Later 
intrusions  of  volcanic  matter  through  the  newer  members  of  the  sys- 
tem, both  here  and  at  various  points  in  the  Gaspe  peninsula,  are  also 
common. 

The  Carboniferous  system  is  represented  in  northern  and  eastern 
New  Brunswick,  principally  by  the  upper  portion  of  the  Lower  forma- 
tion, styled  the  Bonaventure,  and  the  lower  or  Millstone-grit  portions 
of  the  middle  division.  The  development  of  the  latter  over  the 
great  inland  basin  has  already  been  referred  to,  and  but  little  more 
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need  be  said  concerning  it  Along  the  south  aide  of  Chaleur  bay  a 
thin  seam  of  coal  occurs  at  several  points,  which  has  the  same  general 
character  as  in  the  interior.  On  the  island  of  Shippigan,  and  on 
the  mainland  north  of  Tracadie,  soft,  red  micaceous  sandstone  is 
seen,  which  probably  represents  a  part  of  the  Upper  Carboniferous, 
but  these  areas  are  confined  to  a  narrow  fringe  along  the  shore.  A 
similar  thin  seam  of  coal  is  found  on  several  of  the  branches  of  the 
Miramichi,  and  gives  strong  evidence  that  the  formation  has  no  great 
thickness  at  any  point.  The  area  is  traversed  by  several  low  anti- 
clines, of  which  four  principal  ones  are  recognized  and  described 
in  Rep.  GeoL  Sur.,  1882-83. 

The  more  northerly  of  these  extends  between  Bathurst  and  the 
Miramichi  river,  whero  it  forms  a  ridge  running  northeasterly,  with 
an  elevation  of  between  500  and  600  feet  The  second  extends  from 
the  head  of  Grand  lake  to  the  vicinity  of  Richibucto  head  on  ' 
Northumberland  strait.  This  brings  up  the  Devonian  rocks  of  Coal 
creek. 

The  third  passes  to  the  north  of  Moncton,  indicated  by  the  ridges 
of  Indian  mountain,  and  reaches  the  shore  a  few  miles  north  of 
Shediac;  while  the  fourth,  which  affects  the  southeastern  area  only, 
is  well  seen  in  the  Aulac  ridge  which  extends  to  Bay  Verte,  and 
thence  in  a  low  rise  runs  through  the  Tormentine  peninsula  to  its 
extremity. 

The  basin  of  Middle  Carboniferous  rocks  is  underlaid  along  nearly 
its  entire  boundary  on  the  north,  west  aud  south  by  the  Lower  Carboni- 
ferous. At  one  or  two  points,  however,  notably  on  the  Dungarvon 
and  Renous  rivers  and  on  either  side  of  the  St.  John  river,  west  of 
Fredericton,  the  lower  members  are  concealed  by  the  overlap  of  the 
Millstone-grit  directly  upon  the  Silurian.  The  volcanic  portion  of 
the  Lower  Carboniferous,  though  considerably  developed  in  the 
counties  of  York  and  Victoria,  is  apparently  absent  from  the  northern 
area  where  the  rocks  are  sandstones  and  shales  with  conglomerates, 
which  in  the  southern  part  of  the  province  constitute  the  upper  mem- 
bers of  the  gypsiferous  division.  They  are  well  displayed  along  the 
south  coast  of  Gaspe  at  intervals  to  the  extremity  of  that  peninsula, 
(where  they  received  the  name  of  the  Bonaventure  formation)  as  well 
as  at  several  points  on  the  shore  north  of  Bathurst 

On  Heron  island,  which  is  in  Chaleur  bay,  about  nine  miles 
southeast  of  Dalhousie,  the  rocks  of  the  Bonaventure  formation 
are  well  developed.  The  shales  here  contain  remains  of  plants  which 
have  never  yet  been  described,  while  the  sandstones  show  impres- 
sions of  reptilian  footmarks,  which  are  the  only  ones  of  this  age  yet 
found  in  New  Brunswick,  though  somewhat  similar  tracks  have 
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been  recognized  at  several  points  in  Nova  Scotia  in  strata  of  not 
much  higher  horizon. 

IGNEOUS  BOCKS. 

The  principal  igneous  rocks  which  have  not  already  been  suffi- 
ciently described  in  connexion  with  the  various  formations  are  the 
intrusive  granites  and  syenites  and  those  of  the  newer  trappean  areas. 

Of  these,  the  former  are  mu<  h  the  more  important,  not  only  from 
their  very  considerable  extent  but  from  their  economic  value.  They 
have  been  roughly  outlined  from  the  time  of  the  earliest  report  on 
the  geology  of  the  province,  but  it  is  only  within  the  last  few  years 
that  the  details,  more  especially  of  the  northern  area  which  is  much 
the  larger,  have  been  studied. 

Generally  speaking,  these  two  great  areas  enter  the  province  near 
its  southwest  corner  from  the  adjoining  state  of  Maine.  Along  the 
border  in  Charlotte  and  York  counties  they  are  separated  by  a 
considerable  extent  of  slates  already  described.  The  southern  belt 
extends  entirely  across  the  former  county,  and  occupies  a  large  part 
of  western  Kings  and  Queens,  reaching,  with  some  interruptions,  to 
the  St  John  river.  Farther  east,  in  the  latter  county  and  in  West- 
morland, isolated  outcrops  protrude  through  Carboniferous  sedi- 
ments revealed  by  the  denudation  of  the  latter.  That  these  are  of 
earlier  age  than  the  overlying  beds  is  proved  by  the  debris  of  the 
granites  being  found  in  the  lowest  member  of  the  Lower  Carboni- 
ferous and  Upper  Devonian  formations.  Similar  areas  of  granite  are 
also  associated  with  the  Pre- Cambrian  of  the  southern  part  of  the 
province,  but  these  are  comparatively  limited  in  extent  as  compared 
with  the  principal  granitic  mass.  In  character  thes°  rocks  are  very 
similar,  being  generally  reddish  and  moderately  coarse  grained, 
often  with  large  crystals  of  feldspar.  In  places,  however,  the  texture 
id  fine  and  the  colour  grey. 

The  northern  area,  while  of  greater  extent,  presents  a  similar 
aspect.  Crossing  from  Maine  through  the  chain  of  the  St.  Croix 
lakes,  which  form  the  boundary  for  some  distance,  it  enters  the 
province  in  a  belt  more  than  twenty  miles  in  width,  and  extending 
northeasterly,  crosses  the  St  John  river  midway  between  Frederic- 
ton  and  Woodstock.  Fine  sections  are  afforded  by  the  river,  which 
cuts  directly  through  the  belt,  showing  well  the  intrusive  character  of 
the  rock  by  the  number  and  nature  of  the  dikes,  which  are  sent  off  in 
all  directions  into  the  adjoining  slates,  as  well  as  by  the  distinct  local 
metamorpbiam,  due  directly  to  the  presence  of  the  granitic  mass. 
Crossing  the  River  St.  John,  the  granite  subdivides  into  two  portions, 
the  more  southerly  of  which  terminates  near  the  New  Brunswick  rail- 
way, while  the  northern  band  crosses  that  line  and  continues  to  a 
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total  distance  of  thirty  miles  from  the  river.  North  of  this,  to  Cha- 
leur  bay,  the  granites  occur  in  three  distinct  areas,  of  which  the  two 
central  are  of  large  extent,  and  are,  for  the  most  part,  associated 
with  Pre-Cambrian  rocks,  though  also  penetrating  strata  of  Cambro- 
Silurian  age,  on  the  Miramichi  river.  On  this  stream  the  altera- 
tion along  the  contact,  both  of  the  slates  and  granite,  is  well  seen, 
the  latter,  for  several  feet,  becoming  fine-grained  and  whitish  in 
colour,  while  the  former  are  in  places  shattered  and  contain  crystals 
of  various  kinds.  The  second  area  occupies  a  great  breadth  of 
country  about  the  headwaters  of  the  South  branch  of  the  Nipisiguit, 
and  on  the  Northwest  Miramichi,  forming  an  exceedingly  hilly  and 
broken  surface,  containing  some  of  the  highest  peaks  of  the  province. 
The  third  area  occurs  on  tho  lower  part  of  the  Nipisiguit  near  Ba- 
thurst,  and  extends  for  some  twelve  miles  up  from  its  mouth,  but 
is  concealed  on  the  lower  portion  for  three  miles  by  Lower  Carboni- 
ferous beds,  the  base  of  which  is  made  up  of  granitic  debris. 

From  a  consideration  of  the  various  points  of  contact  the  intrusive 
character  of  these  granites  is  very  clearly  established;  since,  in  no 
other  way,  can  the  peculiar  phenomena  seen  be  accounted  for. 
There  is,  however,  a  marked  difference  in  the  character  of  the 
metamorphism  resulting  from  the  granite,  as  compared  with  that 
produced  by  the  intrusion  of  the  dioritic  or  trappean  masses.  In  the 
former  the  alteration  is  more  gradual,  and  extends  over  a  much  wider 
area  as  though  continued  for  a  considerable  period,  and  probably 
under  great  pressure.  In  the  latter  case  the  rocks  in  contact  have 
frequently  a  baked  or  porcelainized  aspect,  as  though  exposed  to  a 
quicker  but  not  so  prolonged  a  heat.  This  may  perhaps  be  more 
clearly  expressed  by  regarding  the  granites  as  intrusive  rocks  proper, 
which  have  not  reached  the  surface  at  the  time  of  their  intrusion,  but 
cooled  beneath  the  surface  and  were  subsequently  exposed  by  denud- 
ation, while  the  latter  may  be  held  as  rather  extrusive,  coming  to  the 
surface  along  direct  fractures  or  lines  of  bedding  ,and  cooling  rapidly. 

Of  the  other  kinds  of  intrusive  rocks  some  of  the  diorites  and 
felsites  doubtless  are,  as  heretofore  described,  integral  parts  of  the 
older  formations.  The  metamorphosing  action  of  the  granite  and 
diorite  is  seen  in  beds  of  Silurian  age,  so  that  it  is  evident  its  in- 
trusion must  have  been  subsequent  to  that  period;  while,  as  no 
pebbles  or  debris  are  found  in  any  formation  older  than  the  Devonian, 
the  age  of  these  great  masses  cannot  be  far  from  the  beginning  of 
that  era.  Many  of  the  older  volcanic  rocks  of  the  Pre-Cambrian 
areas  have  an  earlier  date  than  the  overlying  Cambrian  strata,  since 
their  debris  enters  largely  into  the  composition  of  the  basal  beds  of 
that  system. 

The  areas  of  serpentine  in  the  province  are  too  limited  to  form 
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any  particularly  distinctive  feature.  Sufficient  evidence,  however, 
exists  to  indicate  its  connexion  with  the  igneous  rocks,  probably  as 
a  product  of  alteration,  as  seen  in  the  serpen  tinous  diorites  of  western 
Charlotte  county  and  elsewhere. 

The  trappean  rocks,  which  are  largely  developed  along  the  lower 
Restigouche,  and  along  the  upper  part  of  Chaleur  bay,  are,  like 
the  granites,  for  the  most  part  of  Devonian  age.  In  places,  dikes  of 
considerable  sire  cut  directly  through  sandstones  and  shales  of  this 
age,  or  throw  them  upwards  into  low  anticlines,  in  the  same  way  as 
the  traps  of  the  Bay  of  Fundy  have  affected  the  Triassic  sandstone  of 
that  locality.  In  places,  also,  the  conglomerates  of  the  period  are 
largely  made  up  of  trappean  debris.  It  would  thus  appear  that  at 
least  two  periods  of  volcanic  eruption  occurred  in  this  region,  of 
which  the  earlier  was  probably  the  more  extensive;  since  by  it  the 
huge  mountains  of  Dalhousie,  Campbellton,  and  the  range  along  the 
north  shore  of  the  Restigouche  to  Tracadie  Gash  mountain,  were 
brought  into  their  present  position,  upon  the  flanks  of  which  nearly 
horizontal  beds  of  Devonian  age  have  been  deposited  at  various  points. 

There  yet  remain  to  be  considered  the  great  masses  of  felsitic 
rock  of  various  ages,  both  of  the  southern  portion  of  the  province 
and  of  the  great  areas  of  the  northern  division.  That  the  great  bulk 
of  these  are  true  volcanic  products  is  evident  from  their  nature. 
Their  character  as  amygdaloids,  agglomerates  and  ashbeds,  together 
with  the  existence  of  highly  crystalline  feldspar  porphyries,  trachytes, 
rhyolites  and  similar  rocks,  clearly  establishes  their  eruptive  origin. 
That  they  are,  however,  of  different  ages,  is  plain,  since  while  some 
of  these  are  undoubtedly  of  Pre-Cambrian  age,  and  form  what  is 
known  as  the  volcanic  portion  of  the  Huronian  system,  others  are 
intimately  associated  with  Silurian,  Devonian,  and  Lower  Carboni- 
ferous strata,  either  as  great  masses  or  as  interbedded  sheets.  These 
latter  are,  however,  as  a  rule  more  earthy  than  the  older  series,  and 
their  mode  of  occurrence  clearly  indicates  their  later  age. 

A  large  area  of  felsitic  and  other  igneous  rocks  occurs  on  the 
Tobique  river,  the  age  of  which  is  somewhat  doubtful,  and  much  of  it 
is  highly  crystalline  and  porphyritic,  and  resembles  the  old  Pre-Cam- 
brian felsite  of  the  interior;  other  portions  are  ashy.  It  is  separated 
from  the  main  area  by  a  band  of  Cambro-Silurian  slates,  which  may 
only  occupy  a  basin-shaped  valley  in  the  older  rocks,  but  the  impenetra- 
ble character  of  much  of  the  country  renders  it  at  present  almost  im- 
practicable to  determine  its  true  horizon,  and  it  is  possible  that  it  may 
in  part  pertain  to  the  Lower  Carboniferous  outlier  of  this  locality, 
with  the  rocks  of  which  it  appears  to  be  intimately  connected.  Other 
areas  of  epidotic  and  dioritic  rooks  of  uncertain  position  occur  in 
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the  vicinity  of  the  St.  John  river,  near  Woodstock;  they  are  asso- 
ciated with  Oambro-Silurian  and  Upper  Silurian  strata. 

SUPERFICIAL  GEOLOGY. 

The  superficial  geology  of  the  province  has,  since  the  report  of 
Professor  Hind  (1865),  been  more  particularly  studied  by  Messrs. 
Matthew  and  Chalmers,  whose  reports  embody  not  only  their  own  ob- 
servations on  the  subject,  but  many  of  the  notes  collected  by  the 
other  explorers  in  this  field. 

That  by  Professor  Hind  furnishes  much  valuable  information 
concerning  the  origin  of  terraces,  raised  beaches,  and  lake  basins, 
it  also  gives  a  list  of  glacial  striae  and  ice  grooves,  from  the  par- 
ticulars of  which  he  infers  that  the  ice  might  have  had 
a  thickness  of  2,000  feet,  as  indicated  by  the  markings 
found  on  the  tops  of  some  of  the  mountains.  The  varying 
courses  of  the  striae  are  accounted  for  on  the  grounds  that  the  direc- 
tion of  the  ice  sheet  was  influenced,  to  some  extent,  by  the  direction 
of  the  valleys  and  other  leading  topographical  features.  This  pecu- 
liarity of  local  glaciers  has  been  discussed  at  greater  length  in  recent 
reports  by  Dr.  Chalmers.  The  various  lake  basins  were  held  to  be 
due  to  the  ploughing  out  of  the  softer  portions  of  the  underlying 
rocks  through  the  agency  of  these  glaciers. 

The  reports  of  Dr.  Matthew  go  much  more  extensively  into  detail. 
In  these  the  superficial  deposits  are  arranged  under  three  heads,  viz. : 

(1)  Boulder  clay  or  till,  unmodified  glacial  drift,  constituting  the 
lowest  member. 

(2)  Stratified  sand  and  gravel,  Syrtensian  deposits,  formed  by 
marine  action,  and  representing  the  remains  of  old  shoals  and 
banks. 

Leda  clay,  estuar.ne  deposits. 

Saxicava  sand  and  raised  beaches,  littoral  deposits. 

(3)  Modern  alluvium,  shell  marls,  peat,  etc. 

The  peculiarity  of  the  boulder  clay  is  its  unstratified  arrangement 
and  its  intermingling  of  sand,  clay,  and  stones,  which  are  often 
striated.  As  a  general  rule  it  was  observed  that  the  boulders  were 
for  the  most  part  local,  and  only  at  rare  intervals  were  stones  found 
that  had  come  from  any  considerable  distance.  Where  observed  in 
the  southern  part  of  the  province,  their  course  wns  generally  from 
north  to  south  or  southeast,  more  especially  in  the  southwestern  and 
central  portions,  and  good  instances  of  upward  transport  were  seen 
by  their  presence  on  the  sides  or  tops  of  mountains,  500  feet  or  more 
above  their  starting  point. 
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The  colour  of  the  boulder  clay  was  found,  as  might  naturally  be 
supposed,  to  be  affected  in  great  measure  by  the  colour  of  the  rocks 
from  which  it  was  derived,  more  especially  where  these  rocks  were  soft 
sandstones  or  calcareous  shales,  since  the  hard  rocks  resisted  more 
effectually  the  degrading  effects  of  the  ice  sheet.  Wherever  this  clay 
is  removed  the  strata  beneath  are,  as  a  rule,  found  to  be  rounded 
and  scored,  showing  that  the  deposit  of  the  clay  was  subsequent  to 
the  smoothing  of  the  rock.  Two  principal  directions  are  visible  in 
the  striae;  to  the  west  of  St.  John  the  prevailing  course  is  to 
the  south  of  east,  while  to  the  east  of  that  city  it  is  sou th westerly, 
following  to  a  great  extent  the  principal  hill  features. 

The  beds  of  the  second  or  Syrtensian  group  differ  from  the  pre- 
ceding in  their  stratified  character,  though  there  are,  at  certain  points 
on  the  coast,  indications  of  a  gradual  passage  from  the  upper  mem- 
bers of  the  boulder  formation  into  the  lower  part  of  the  stratified 
group.  The  various  beds  of  the  latter  are  arranged  by  Dr.  Matthew 
under  four  principal  heads,  viz.: 

The  weather  shoal,  forming  under  the  north  side  of  the  hill,  or  at 
the  entrance  to  a  valley. 

The  lee  shoal,  forming  behind  a  hill,  or  at  the  outlet  of  a  valley. 

Centre  shoals,  formed  in  open  spaces  or  enlargements  of  valleys, 
or  on  the  higher  lands. 

Horsebacks,  and  eskers,  formed  of  gravel  and  sand  along  valleys 
or  ridges  as  connecting  neighbouring  hills,  or  opposing  slopes  of 
valleys. 

The  Leda  clay  may  be  regarded  as  an  upper  portion  of  the  preced- 
ing group,  since,  in  the  southern  part  of  the  province,  the  beds  of  the 
former  graduate  upward  into  the  latter.  It  may,  however,  be  properly 
restricted  to  deposits  of  clay,  which  often  rest  upon  the  gravels 
of  the  Syrtensian  group,  and  are  generally  distinguished  by  the  pre- 
sence of  organic  remains,  in  which,  in  addition  to  shells  of  various 
kinds,  the  remains  of  a  Phoca  and  a  Beluga  have  been  found  near 
the  coast  of  the  Bay  of  Fundy.  This  deposit  is  well  recognized,  not 
only  in  the  southern  part  of  the  province,  but  in  the  Chaleur  Bay 
area,  both  in  New  Brunswick  and  along  the  Gaspo  shore,  from  which  a 
large  collection  of  fossil  remains  has  been  obtained.  The  deposit, 
however,  changes  its  character  in  different  places,  from  the  admixture 
of  sandy  beds,  and  at  times  it  is  very  difficult  to  distinguish  between 
the  Syrtensian,  the  Leda,  and  the  Saxicava,  owing  to  their  occasional 
similarity* 

To  the  Saxicava  sand  are  attributed  the  upper  members 
of  the  modified  drift  only.  It  is  generally  devoid  of  organio  remains, 
having  in  southern  New  Brunswick  produced  only  two  species,  a 
Mya  and  a  Macoma.    It  was  deposited  in  gradually  ahoaling  water 
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as  the  land  slowly  rose  from  the  sea,  and,  in  this  way,  terraces  of 
different  heights  were  formed  along  the  coast  and  river  valleys.  These 
terraces,  more  especially  as  seen  along  the  St.  John  and  other  rivers 
in  northern  New  Brunswick,  have  been  recently  described  in  detail 
by  Dr.  Chalmers,  whose  papers  on  the  surface,  geology  of  these  por- 
tions of  the  province  are  among  the  most  important  published 
on  the  subject.  In  many  of  these  terraces  the  three  subdivisions  of 
the  modified  drift  are  seen,  viz.,  the  Sytensian  gravel  and  sand  at 
the  bottom,  the  Leda  clay  in  the  central  part,  and  the  Saxicava  sand 
at  the  top. 

On  the  St.  John  river  a  number  of  sections  were  made,  particu- 
larly of  the  part  between  Woodstock,  and  the  St.  Francis  river,  as 
well  as  along  its  tributaries,  in  some  of  which  no  less  than  seven  dis- 
tinct terraces  were  observed,  with  a  total  elevation  for  the  uppermost 
of  not  far  from  200  feet  above  the  present  level  of  the  stream.  The 
highest  terraces  are  composed  of  stratified  gravel  and  sand  with 
water-worn  pebbles;  the  lower  contain  the  same  materials  as  the 
upper,  but  are  generally  more  water-worn,  and  have  local  beds  of 
clay  and  slit.  The  materials  of  the  kames,  or  eskers,  and  terraces  are 
the  same  and  are  undoubtedly  derived  from  the  same  source.  Since 
it  has  been  conclusively  established  that  the  valley  of  the  St.  John 
river  is  of  pre-glacial  age  the  mode  of  occurrence  of  these  deposits 
is  an  exceedingly  interesting  question,  and  as  Dr.  Chalmers  has 
evidently  given  the  subject  much  study,  and  his  views  seem  to  satisfy 
most  of  the  requirements  of  the  case  more  fully  than  any  previously 
advanced — with  the  proviso  that  they  apply  equally  well  to  other 
river  valleys — they  are  here  presented. 

'  The  river  valleys,  at  the  close  of  the  glacial  period,  became  very 
generally  choked  with  drift,  which,  forming  dams,  would  hold  back 
the  water,  and  constitute  a  series  of  lake  basins  along  the  river 
course.  These  dams,  in  some  places,  were  from  150  to  200  feet  above 
the  present  level,  hence,  the  rivers  would  begin  to  flow  at  that 
height  above  their  present  beds.  The  gradual  re-excavation  of  the 
drift  would,  therefore,  as  it  went  on,  by  the  transportation  to  lower 
levels,  result  in  the  formation  of  the  terraces,  which  would  thus  mark 
different  levels  of  the  river  by  the  deposition  of  the  materials  from 
higher  levels  along  the  border  of  the  lake-like  expansions,  and  along 
the  sides  and  bottoms  of  the  current,  which  flowed  in  and  through 
them;  thus,  by  successive  accumulation,  forcing  the  channel  from 
side  to  side  as  erosion  and  deposition  went  on. 

'  The  kames  are  composed  of  similar  sand  and  gravel  as  the  ter- 
races, and  may  be  the  remains  of  these  left  by  denudation  of  beds 
once  surounding  them,  and  of  which  they  formed  a  part.  Their 
bases  are  often  composed  of  till  or  boulder  clay.' 
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The  action  of  the  glaciers,  in  following  already  denned  depres- 
sions, is  well  seen  at  many  points  oyer  the  entire  area  of  the  province. 
Occasionally,  two  or  more  sets  of  striae  occur,  which  often  have 
courses  at  marked  angles  to  each  other. 

Of  these,  the  newer  will  almost  invariably  be  noticed  to  run  in  the 
direction  of  a  valley  or,  when  near  the  coast,  the  course  of  some 
ford  or  estuary.  Excellent  examples  of  this  are  seen  in  the  vicinity 
of  Sackville  and  Amherst,  where  the  ice  grooves  and  striae  follow 
directly  the  depression  between  Bay  Verte  and  the  head  of  the  Bay 
of  Fundy,  as  also  at  Memramcook  and  Dorchester,  where  they  follow 
the  principal  flexures  of  the  Memramcook  river.  This  peculiarity 
of  direction  is  also  noticed  in  both  the  adjoining  provinces  of  Que- 
bec and  Nova  Scotia.  The  older  set  of  markings  is,  however,  ob- 
served to  keep  a  quite  uniform  direction,  regardless  of  opposing  hiDa, 
as  if  in  many  cases  the  propelling  power  of  the  glacier  drove  it 
resistlessly  forward.  If,  then,  we  admit  the  existence  of  a  widely 
extended  ice  sheet,  which,  in  some  parts  of  eastern  Canada,  appears 
to  be  quite  clearly  established,  we  must  also  admit  a  second  and 
possibly  a  third  ice  era,  during  which  local  glaciers  were  shed  from 
the  height  of  land  in  whichever  direction  the  most  favourable 
outlet  was  presented,  the  course  of  which  was  largely  affected  by 
local  conditions  of  configuration.  In  the  northern  area  such  evid- 
ences of  local  glaciers  are  visible  in  the  striae  which  follow  the  out- 
lines of  the  lower  Bestigouche  and  its  tributaries.  In  Gaspe",  also, 
local  glaciers  were  undoubtedly  shed  in  both  directions  from  the  tops 
of  the  Shickshock  mountains,  modified  by  the  lower  hill  ranges  which 
lie  nearer  the  coast.  In  Nova  Scotia,  striae  on  the  north  side  of  the 
Cobequids  point  towards  the  shore  of  Northumberland  strait,  while 
on  the  south  side  they  have  a  westward  course  in  the  line  of  the 
Minas  basin  and  channel. 

The  divergence  of  river  beds  is  conclusively  proved  at  several 
points,  though  whether  these  changes  were  all  due  to  causes  subse- 
quent to  the  glacial  period,  may  be  questioned.  Thus,  at  the  Grand 
falls  of  the  St.  John  river,  225  miles  from  the  mouth,  the  present 
channel  below  the  pitch  forms  a  wonderful  gorge  cut  through  the 
Silurian  rocks  for  nearly  a  mile  to  a  depth  of  over  one  hundred  feet, 
the  old  channel  being  blocked  at  what  is  now  the  town  of  Grand 
Falls  by  a  great  accumulation  of  clay  and  other  drift  material.  So, 
also,  near  its  junction  with  the  St  John,  the  old  valley  of  the 
Tobique  has  been  dammed,  and  a  new  channel  excavated  through 
Silurian  beds  for  nearly  the  same  distance.  The  time  necessary 
to  produce  a  gorge  of  such  a  length  in  the  comparatively  hard  rocks 
of  these  localities  must  have  been  considerable.  Whether  such  was 
the  cause  of  the  present  outlet  of  the  St.  John  river  has  not  been 
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conclusively  proved,  but  appears  highly  probable,  since  huge  dams  of 
drift  block  up  what  appears  to  be  an  old  outlet  of  the  river  in  the 
direction  of  Manawagoniah  beach,  a  short  distance  west  of  ita  present 
mouth. 

The  views  of  Professor  Hind  (see  Report  of  1865)  as  to  the 
glacial  origin  of  many  of  the  lake  basins,  do  not,  in  all  cases,  seem 
to  be  fully  sustained  by  the  later  investigations  of  Dr.  Chalmers. 
The  writer  last  named  finds  the  depressions  of  some  of  the  larger  lakes 
in  the  southwestern  part  of  the  province  to  be  pre-glacial,  in  the  same 
way  as  the  valley  of  the  St.  John  river.  The  subsequent  action  of 
glaciers  and  glacial  drift  has,  by  heaping  up  moraines,  modified 
existing  conditions  very  greatly,  either  by  forming  entirely  new 
basins,  or  changing  very  considerably  those  existing  prior  to  the  ice 
age.  This  peculiarity  of  morainic  lake  basins  is  well  illustrated  in 
many  of  the  lakes  of  the  St  Croix  chain,  along  the  boundary  be- 
tween New  Brunswick  and  Maine. 

Changes  of  level  of  the  land  are  well  shown  by  the  presence  of 
beds  of  marine  or  Leda  clay  at  elevations,  reaching,  in 
some  places,  several  hundred  feet  above  the  present  sea  level.  This  is 
also  proved  by  the  presence  of  old  sea  beaches  at  intervals  along  the 
coast  of  the  Bay  of  Fundy,  and  now  removed  several  miles  from  the 
existing  shore  line.  That  such  changes  of  level  have  taken  place  in 
comparatively  recent  times  is  evidenced  by  the  presence  of  tree 
stumps  in  the  marshes  about  the  upper  part  of  this  bay,  now  some 
twenty  or  thirty  feet  below  high  tide  mark.  These  are  found  not 
only  on  the  flats  between  Amherst  and  Sackville,  along  the  shore, 
but  in  the  several  canals  which  have  been  cut  for  the  purpose  of 
improving  the  inner  marsh.  The  partially  submerged  shell  heaps 
on  the  coast  of  Charlotte  county,  which  mark  the  sites  of  old  Indian 
encampments,  and  presumably  at  one  time  removed  beyond  the 
action  of  the  sea,  also  prove  the  gradual  encroachment  of  the  water, 
as  well  as  the  fact  that  these  shell  heaps  are  at  a  considerably  lower 
level  than  when  they  were  formed.  On  the  other  hand  it  is  supposed 
by  Professor  Hind  and  others  that  the  shores  of  the  Gulf  of  St. 
Lawrence  are  now  gradually  rising,  as  is  evidenced  by  the  shoaling 
of  the  waters  in  the  harbours  and  estuaries  of  the  eastern  coast,  at 
the  entrance  to  Miramichi  harbour  and  the  basin  at  Bathurst,  since 
a  marked  difference  in  the  depth  of  the  water  is  now  noted,  as  com- 
pared with  the  observations  recorded  within  the  last  eighty  or  one 
hundred  years.  Some  of  these  apparent  changes  of  level  may,  to  a 
certain  extent,  be  due  to  the  filling  up  of  channels  by  sediment 
brought  down  by  the  rivers  and  redistributed  by  the  action  of  the 
tides. 

It  might  be  supposed,  by  some  persons,  that  the  varied  opinions 
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expressed  at  different  times  concerning  the  true  interpretation  of  the 
geological  structure  of  the  province  would  have  a  tendency  to  reflect 
somewhat  unfavourably  upon  the  character  of  the  work  done  by  the 
several  observers  in  this  field.  A  moment's  consideration  of  the 
subject  will,  however,  serve  to  correct  this  impression,  since  it  must 
be  remembered  that,  in  the  elucidation  of  the  structure  of  any  coun- 
try, the  discovery  of  new  facts  from  time  to  time  naturally  leads  to 
changes  in  the  interpretation  of  the  various  problems  presented. 

The  earliest  workers  had  the  misfortune  also  to  labour  at  a  time 
when  the  science  of  geology  was,  comparatively  speaking,  in  its 
infancy.  With  the  increase  of  our  scientific  knowledge  enlarged 
views  will  be  unfolded,  while  the  peculiar  bias  pertaining  to  each 
individual  must,  of  itself,  ever  give  abundant  cause  for  difference  of 
opinion.  In  the  study  of  any  subject  the  object  primarily  to  be 
attained  should  bo  the  truth,  sinking  personal  feeling  for  the  general 
good. 
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The  last  report  issued  by  the  Geological  Survey  Department  on 
the  *  Mineral  Resources  of  New  Brunswick '  was  prepared  by  Dr. 
L.  W.  Bailey,  and  printed  in  1899.  It  was  very  complete,  and  con- 
tained many  details  as  to  the  early  history  and  development  of  the 
principal  mining  areas.  While  enumerating  the  various  minerals 
found  in  the  province,  the  statement  is  made  that  '  of  all  these,  with 
the  exception  of  building  stone,  limestone,  brick  clay,  and  gypsum, 
only  four  substances  have  been  as  yet  the  basis  of  successful  mining 
operations,  viz.,  coal,  iron,  manganese,  and  albertite;  and  of  these 
coal,  alone,  is  at  present  actually  worked.' 

This  is  certainly  not  a  very  encouraging  showing  for  the  mineral 
resources  of  a  province  as  large  as  New  Brunswick;  and  while  large 
sums  of  money  have  been  spent  in  the  search  for  economic  minerals, 
and  in  the  attempt  to  develop  certain  areas,  it  is  to  be  regretted  that 
a  large  amount  of  capital  thus  employed  has  been  rashly,  not  to  say 
foolishly,  invested.  In  many  cases  conditions  have  been  found  which 
were  unfavourable  to  the  enterprise  displayed  by  the  investors;  and 
in  some  cases  such  investment  might  have  been  prevented  had  a  pro- 
per examination  of  the  areas  in  question  been  made  by  experts 
familiar  with  the  geological  and  mineralogical  conditions  of  the 
localities. 

In  writing  of  the  mineral  resources  of  the  province  two  courses  may 
be  pursued,  either — (1)  to  indicate  every  mineral  occurrence  as  a 
possible  or  even  probable  source  of  wealth  to  the  investor,  or,  (2) 
to  give  a  true  estimate  of  the  actual  value  of  such  occurrences,  as 
estimated  by  expert  opinion,  of  the  various  supposed  mining  areas; 
to  indicate  certain  lines  of  mineral  development  which,  if  properly 
followed  out,  would  tend  to  return  a  fair  profit  to  the  investor,  and 
to  discourage  on  the  other  hand,  as  far  as  possible,  the  investment 
of  capital  in  localities  or  areas  where  the  venture  would  in 
all  probability  yield  no  return,  and  would  entail  the  loss  of  all  the 
capital  invested.  For,  while  it  is  the  custom  for  many  persons  to 
decry  expert  scientific  opinion  as  to  the  value  or  otherwise  of  any 
particular  mining  area,  it  will  generally  be  found,  in  actual  practice 
or  in  the  summing  up  of  the  final  balance  sheet,  that  more  attention 
to  such  advice  would  have  resulted  in  better  financial  returns.  The 
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scientific  expert  has  acquired  his  knowledge  by  the  study  of  both  rocks 
and  minerals  in  the  field,  over  wide  areas,  and  of  the  conditions 
governing  mineral  occurrences;  and  the  information  thus  obtained 
is  practically  on  the  same  lines  as  that  which  makes  the  opinion  of 
a  competent  lawyer  or  physician,  or  in  fact  of  any  kind  of  profes- 
sional worker,  of  practical  value.  This  view  of  the  case  is  too  often 
lost  sight  of  entirely. 

In  the  following  pages  the  latter  of  the  two  courses  suggested  will 
be  followed  as  closely  as  possible,  consistent  with  the  general  welfare 
of  the  mining  industries  of  the  province;  and  in  so  far  as  known 
by  close  observation  and  actual  experience  the  possible  value  of  each 
mineral  occurrence  will  be  indicated. 

Generally  speaking,  the  minerals  of  any  country  are  associated 
with  certain  rock  formations  which  have  in  process  of  time  come 
under  a  certain  orderly  arrangement  of  geological  formations,  as  for 
example  certain  coal  deposits  which,  while  belonging  to  the  general 
system  known  as  the  Carboniferous,  are  found  in  actual  mining  to 
belong  practically  to  one  division  of  that  system  known  everywhere 
as  the  Middle  Coal  formation,  which  is  again  divided  into  the  Lower 
or  Millstone  grit- formation,  and  the  Upper  or  Productive  measures. 
As  a  rule,  the  large  coal  beds  belong  to  the  upper  of  these  divisions, 
as  will  be  seen  by  reference  to  workings  in  the  adjoining  province 
of  Nova  Scotia,  although  smaller  seams  are  also  found  in  the  lower 
or  Millstone-grit  division.  As  far  as  our  experience  extends,  however, 
the  deposits  of  the  lower,  while  showing  at  times  a  workable  size, 
never  reach  the  enormous  dimensions  which  sometimes  occur  in  the 
upper.  Therefore  we  propose  to  give  in  brief  a  sketch  of  the  several 
geological  formations  which  have  been  recognized  in  the  province 
from  the  study  of  its  rocks  during  the  last  fifty  years.  It  must  be 
stated,  however,  that  in  some  areas,  owing  to  extreme  alteration  or 
other  causes,  the  determination  of  the  exact  geological  horizon  is 
extremely  difficult,  and  in  some  cases  has  not  yet  been  definitely  fixed. 

The  rock  formations  range  from  Pre-Cambrian  as  the  oldest,  to 
Triassic  or  the  newest,  excepting  the  Post- Tertiary,  which  comprises 
the  sands,  clay,  and  glacial  drift  generally.  For  some  years  it  was 
supposed  that  the  crystalline  rocks  about  St.  John,  comprising 
areas  of  crystalline  limestone,  granite,  granite-gneiss,  etc.,  were  the 
equivalents  of  the  Laurentian  of  Quebec  and  Ontario,  which  are 
regarded  as  representing  the  oldest  divisions  in  the  world's  history. 

A  recent  examination  has,  however,  failed  to  establish  this  hypo- 
thesis, though  they  are  among  the  oldest  in  the  province.  Most  of 
the  so-called  granite-gneiss  and  other  igneous  rocks  which  occur  with 
the  limestones  are  intrusive  in  these,  having  cut  them  in  every  direc- 
tion and  changed  them  near  the  line  of  contact  to  a  highly  crystalline 
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condition.  At  points  farther  removed  from  these  contacts  the  lime* 
stones  are  bluer  and  more  slaty,  the  colouring  being  due  in  some 
cases  to  finely  disseminated  graphite.  The  limestone  is  also  asso- 
ciated with  green,  gray,  and  black  slates  and  with  beds  of  hard 
quartzite,  which  closely  resemble  portions  of  the  recognized  Cambrian 
rocks  of  this  district. 

As  a  source  of  mineral  supply  these  rocks  yield  little  beyond  an 
unlimited  amount  of  excellent  limestone  for  burning,  and  from  the 
associated  slates  a  small  quantity  of  graphite  which  is  separated  from 
the  slaty  shales  and  used  locally.  The  lime  industry  has  for  many 
years  been  a  very  important  one  about  the  city  of  St.  John,  but  of 
late  years  the  production  has  fallen  off  considerably  owing  to  the 
closing  of  the  American  market,  through  the  imposition  of  a  practi- 
cally prohibitive  tariff  on  the  manufactured  article.  These  lime- 
stones form  a  marked  geological  feature  at  the  narrows  of  the  St. 
John  river  about  Indiantown,  and  in  the  area  between  the  city  and 
the  shore  of  Kennebecasis  bay  to  the  north.  Tho  graphitic  slates  are 
well  seen  near  the  Suspension  bridge  over  the  river  in  tho  west  part 
of  the  city. 

The  Pre-Cambrian  rocks  of  the  province  also  comprise  what  was 
formerly  described  under  the  term  Huronian,  of  which  three  divisions 
were  made.  These  were  found  to  underlie,  or  were  supposed  to 
underlie,  the  fossiliferous  Cambrian  slates  and  quartzites,  the  lowest 
member  of  which  has  been  styled  the  '  Etcheminian '  formation,  in 
the  basal  beds  of  which  occur  pebbles  of  an  underlying  series  of 
ingeous  rocks;  though  a  part  of  what  was  onco  called  Huronian, 
Coldbrook,  has  recently  been  regarded  as  possibly  the  lower  member 
of  the  Cambrian  series. 

The  Huronian,  as  a  whole,  consists  of  schists,  felsites  ,diabase,  etc., 
the  thickness  of  which  cannot  be  determined  since  the  series  is  essen- 
tially of  igneous  origin  throughout.  In  the  early  reports  on  the  geo- 
logy of  the  province  there  were  included  in  this  series  large  areas  of 
igneous  rocks  which  have  lately  been  found  to  be  comparatively 
recent,  as  in  the  case  of  the  gabbros  near  St.  Stephen,  with  which 
occur  the  nickel  ores  of  that  place;  and  certain  diabase  rocks  of 
Let i to  and  other  places  in  Charlotte  county,  which  contain  small 
quantities  of  economic  minerals  such  as  copper,  galena,  pyrite,  etc. 
These  have  been  developed  to  a  small  extent;  but  so  far  as  known 
do  not  occur  in  large  quantity. 

In  the  northern  part  of  the  province  there  are  large  areas  of 
crystalline  rocks  which  have  been  assigned  to  the  Pre-Cambrian,  and 
may  belong  to  the  Huronian  system.  As  there  is  no  positive  means 
of  determining  this  question  as  yet,  owing  to  the  fact  that  the  over- 
lying rocks,  though  presumably  of  Cambrian  age  in  part,  have  not 


NEW  BRUNSWICK 


yielded  fossils  to  any  extent,  the  age  of  the  formation,  which  con- 
sists largely  of  igneous  rocks  such  as  felsites,  dioritcs,  and  certain 
granitic  masses,  must  be  regarded  to  some  extent  as  an  open  ques- 
tion. In  some  respects  these  closely  resemble  rocks  of  recognized 
Pre-Cambrian  age  near  the  coast  east  of  St.  John,  which  are  there 
overlaid  by  foesiliferous  Cambrian  sediments. 

The  Cambrian  rocks  occur  in  well-defined  areas  as  a  series. 
Their  age  has  been  clearly  demonstrated  by  the  contained  fossils, 
which  have  been  studied  in  great  detail  by  Dr.  Q.  F.  Matthew  of 
St.  John.  They  are  well  exposed  about  the  city  of  St.  John  and  form 
areas  of  considerable  extent  eastward,  where  they  rest  upon  a  great 
series  of  schists,  felsites  and  other,  generally  speaking,  igneous  rocks, 
(all  in  a  high  state  of  alteration),  which  form  the  lofty  ridges  extend- 
ing from  St.  John  city  into  Albert  county.  The  Cambrian  rocks  are 
usually  slates,  grey,  green,  and  black  in  colour,  with  which  are  bands 
of  conglomerate,  quartzite  and  limestone.  The  slates  are  in  places 
highly  altered,  thrown  into  folds  and  cut  by  quartz  veins,  with  num- 
erous faults  and  occasional  intrusive  masses  of  diorite.  In  age,  they 
are  apparently  the  equivalents  of  much  of  the  gold-bearing  series 
of  Nova  Scotia,  but  up  to  the  present  time  no  attempts  to  find  gold 
in  this  New  Brunswick  series  appear  to  have  been  made,  unless 
indeed  some  of  the  quartz-veined  slates  of  northern  New  Brunswick 
are  a  part  of  this  system.  Even  here  the  search  for  gold  appears  to 
be  confined  to  washing  the  sands  from  some  of  the  brooks  in  the 
district.  Small  quartz  veins  abound  in  these  northern  slates,  but  no 
well-defined  leads  were  seen  in  all  our  travels  through  this  portion 
of  the  province. 

The  lowest  fossiliferous  division  of  the  Cambrian  appears  to  be  a 
series  of  red  and  purple  slates,  conglomerates,  and  quartzite,  which 
are  seen  about  St.  John  city  and  to  the  eastward  for  some  miles, 
occurring  along  the  flanks  of  ridges  of  igneous  rocks.  This  part  of 
the  system  can  generally  be  readily  recognized.  In  the  northern  p«»rt 
of  the  province  it  is  probable  that  rocks  of  this  system  occur  in 
northern  York,  and  form  portions  of  the  ridge  of  altered  slates  which 
crosses  the  province,  appearing  along  the  upper  waters  of  the  Mira- 
michi  river,  and  crossing  the  Nipisiguit  river,  where  it  is  covered 
over  by  limestones  and  slates  of  the  Upper  Silurian  formations. 

The  Cambro-Silurian  rocks,  which  include  the  formations  be- 
tween the  Cambrian  and  the  Upper  Silurian,  are  found  at  a  number  of 
places  on  both  sides  of  the  great  Carboniferous  central  basin.  Though 
not  often  fossiliferous,  organic  remains  have  been  obtained  at  several 
points  around  the  northern  rim,  as  at  Tetagouche  on  Chaleur  bay, 
and  on  the  Becaguimec  in  the  western  part  In  the  southern  part  of 
the  province  they  are  not  so  readily  recognized,  and  large  areas  which 
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were  at  one  time  placed  in  this  group,  provisionally,  have  since  been 
assigned  to  the  Upper  Silurian.  Of  the  Upper  Silurian,  or  Silurian 
proper,  large  areas  are  known  both  in  the  southern  and  northern 
portions,  where  the  great  area  between  the  Tobique  and  Nipisiguit 
rivers  on  the  south  and  the  Kestigouche  on  the  north  are  of  thi9  age, 
consisting  largely  of  slates  and  limestones  with  occasional  masses  of 
intrusive  igneous  rocks.  As  a  rule  this  formation  is  poor  in  econo- 
mic minerals.  The  iron  mines  of  Oarleton,  however,  occur  in  these 
•latea,  and  in  southern  Charlotte  county  they  are  much  broken  up  by 
intrusive  masses  with  which  are  small  quantities  of  the  ores  of  cop- 
per, nickel  and  galena.  These  form  a  soil  of  great  value  for  agri- 
culture, and  are  covered  in  the  northern  part  by  heavy  forests  of 
spruce  and  hardwood. 

The  Devonian  rocks  occur  in  considerable  areas  in  the  southern 
part  of  the  province  both  to  the  east  and  west  of  St.  John,  and  in 
the  northern  part  overlying  the  Silurian.  They  contain 
quantities  of  fossil  plants  by  whieh  their  horizon  can  be  clearly 
determined,  as  also  by  their  well  established  position  between  Silur- 
ian -and  Lower  Carboniferous  formations.  In  southern  New  Bruns- 
wick the  system  as  a  whole  is  divided  into  five  groups,  the  upper- 
most of  which  is  the  Perry  sandstone  division,  traceable  eastward 
across  the  lower  St.  Croix  river  from  the  state  of  Maine,  and  extending 
at  intervals  for  some  miles  east  of  St  John  along  the  valley  of  the 
Kennebecasis  river.  These  rocks  were  in  the  published  map  of  the 
province,  coloured  as  Lower  Carboniferous,  but  the  recent  work  done 
on  these  rocks  has  clearly  shown  them  to  belong  to  an  older  system. 
Another  group  of  slates  or  shales  known  as  the  Albert  shales,  found  in 
Albert  and  Westmorland  counties,  was  also  at  one  time  regarded  as 
belonging  to  the  Lower  Carboniferous  division,  but  has,  since  the  pub- 
.  lication  of  the  geological  map  of  that  area,  been  transferred  to  the 
Upper  Devonian  on  good  grounds.  With  this  group  is  found  the 
albcrtite  and  the  bituminous  shales  now  being  exploited  for  petro- 
leum. The  remaining  divisions  of  this  system,  comprising  the 
Mispeck,  Cordaite,  Dadoxylon  and  Bloomsbury  groups,  include  a 
great  thickness  of  shales,  sandstones  and  conglomerates,  which  often 
assume  a  sehistose  structure  owing  to  alteration,  and  are  penetrated 
by  masses  of  igneous  rocks  at  many  points  throughout  their  distri- 
bution. 

The  Carboniferous  rocks  are  divisible  into  three  groups,  viz.,  the 
Lower,  the  Middle  including  the  Millstone  grit  formation  only,  and 
the  Upper  or  Permo-Carboniferous,  which  is  found  at  intervals  along 
the  coast  of  the  Gulf  of  St.  Lawrence  and  Northumberland  strait. 
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The  principal  minerals  of  the  lower  division  are  manganese  and 
gypsum,  while  salt  springs  occur  at  several  places. 

The  Millstone-grit  division  carries  the  coal-seams  which  outcrop 
at  a  number  of  points  around  the  great  central  basin  as  well  as  in 
the  interior.  These  have  been  worked  to  a  limited  extent  for  many 
years.  The  rocks  are  brown  and  grey  shales  and  sandstones  of 
purple  and  green-grey  shades  with  occasional  conglomerates,  especi- 
ally near  the  base.  The  principal  quarries  of  building  and  grind* 
Btones  occur  in  this  formation,  and  beds  of  fire-clay  sometimes 
accompany  the  coal  seams. 

The  Upper  or  Permo-Carboniferous  contains  beds  of  brown  free- 
stone, which  are  worked  at  several  points  such  as  Sackville  and  Wood 
point  where  quarries  of  excellent  stone  are  quarried.  Thin  seams 
of  coal  also  occur,  but  these  are  of  no  economic  value. 

The  Triassic  formation  occurs  at  a  few  points  only  along  the 
north  side  of  the  Bay  of  Fundy.  It  consists  of  isolated  outcrops  of 
soft  red  sandstone  and  contains  no  minerals  of  economic  importance. 
On  the  west  side  of  Grand  Manan  island  there  is  a  great  ridge  of 
basalt  which  extends  along  its  whole  length  and  which  sometimes 
contains  traces  of  native  copper  similar  to  that  found  in  the  rocks 
of  the  North  Mountain  range  of  Nova  Scotia. 

Great  ridges  and  masses  of  granite,  both  red  and  grey,  are  found 
both  in  the  northern  and  southern  portions  of  the  province.  These 
are  comparatively  recent,  cutting  formations  as  new  as  the  Devonian. 
They  are  generally  massive  rocks,  but  sometimes  a  gneissic  structure 
has  been  developed  by  pressure.  Granites  occur  in  connexion  with 
all  the  formations  from  the  P re-Cambrian  upward.  They  furnish 
large  quantities  of  stone  for  building  or  monumental  work,  but  rarely 
carry  ores  or  minerals  of  value. 

The  Post-Tertiary  or  Pleistocene  is  the  newest  in  the  geological 
scale.  It  contains  the  peat  bogs  which  are  very  extensive,  the  clays, 
sands  and  gravels  valuable  for  bricks,  pottery  and  for  road  materia] 
or  for  cement  walls,  and  the  deposits  of  Tripoli  or  infusorial  earth 
and  shell-marl  which  are  found  in  a  number  of  lakes  in  the  southern 
part  of  the  province.  The  mineral  paints  and  the  deposits  of  bog 
manganese  or  wad  and  of  bog  iron  ore  also  belong  to  this  formation, 
and  have  been  utilized  to  some  extent. 

ECONOMIC  GEOLOGY. 

The  ores  comprise  iron,  manganese,  copper,  galena,  silver,  anti- 
mony, nickel  and  gold.  Of  these  several  have  been  mined  quite 
extensively  from  time  to  time. 
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The  ores  of  iron  comprise  magnetite,  hematite,  specular  ore  and 
limonite  or  bog-iron.  They  are  all  found  at  widely  separated  points, 
are  sometimes  of  good  quality,  and  have  been  worked  at  intervals  for 
nearly  fifty  years. 

Hematite  ores  occur  in  beds  of  large  size,  interstratified  with  red 
and  green  elates,  at  several  points  in  Carleton  county.  They  have 
been  known  for  more  than  sixty  years  and  a  blast  furnace  was  erected 
as  early  as  1848  with  a  capacity  of  seven  tons  a  day,  a  second 
furnace  with  a  daily  capacity  of  five  tons  being  erected  in  1863. 
These  furnaces  were  in  operation  for  some  years,  using  charcoal  for 
fuel,  but  the  isolated  position  of  the  plant,  at  that  time  without 
railway  communication  nearer  than  some  ten  miles,  interfered  to 
some  extent  with  the  disposal  of  the  output  and  the  bringing  in  of 
supplies. 

The  ore  is  what  may  be  called  low-grade.  It  has  also  a  consider- 
able percentage  of  phosphorus  and  a  high  percentage  of  manganese 
as  well  as  of  silica.  Methods  of  mining,  handling,  and  of  smelting 
have,  however,  changed  very  greatly  within  the  last  thirty  years, 
while  the  demand  for  a  workable  ore  of  iron  has  increased  so  that 
it  is  possible  that,  by  new  processes  and  enlarged  plant,  combined  with 
cheaper  fuel,  the  disasters  of  former  years  may  be  changed  and  a 

profit  from  a  renewed  industry  result,  under  proper  management. 
No  analyses  of  these  ores  made  by  this  department  are  available,  but 
several  made  in  England,  and  furnished  to  Dr.  Hind  by  Mr.  Norris 
Best,  the  then  manager,  may  be  given  as  well  representing  their 
quality.  The  analyses  are  of  eight  samples,  but  the  exact  localities 
of  these  are  not  known. 
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The  principal  ore  beds  are  situated  about  six  miles  northwest  of 
Woodstock.  They  have  been  described  in  the  report  for  1874,  and 
their  positions  indicated  on  the  accompanying  map  of  the  district. 
They  occur  in  a  number  of  beds  which  range  in  thickness  from  one 
to  fifteen  feet.  The  principal  occurrences  are  at  Moody  hill,  Iron 
Ore  hill,  Maple  hill,  and  at  Jacksontown,  all  on  the  west  side  of  the 
St.  John  river.  Other  outcrops  on  the  east  side  of  the  river  are  at 
Pole  hill;  near  the  forks  of  the  Becaguimec  river;  and  near  Glass- 

ville.  It  will  be  seen  from  the  above  assays  that  the  percentage  of 
iron  is  not  large  and  the  sulphur  and  phosphorus  contents  are  high 
as  well  as  the  silici.  Yet  during  the  process  of  manufacture  of  the 
pig  it  was  claimed  that  an  iron  of  good  commercial  value  was  pro- 
duced which  found  a  ready  sale.  During  thv  last  period  of  working 
a  considerable  quantity  of  bog  iron  ore  from  the  Maugerville  deposit 
a  few  miles  below  Fredericton  on  the  north  side  of  the  St.  John 
river  was  mixed  with  the  hematites  of  the  district.  No  work  has 
been  done  on  these  irons  for  some  years,  the  necessity  of  building 
a  modern  plant,  together  with  the  lean  character  of  the  ores  generally 
and  the  remoteness  of  a  fuel  supply  other  than  charcoal,  which  can 
still  readily  be  obtained,  hampering  investment.  It  might  be  desir- 
able to  have  a  fresh  series  of  analyses  made  from  carefully  selected 
samples  to  see  if  certain  beds  do  not  contain  sufficient  iron  for 
commercial  working. 

In  the  altered  Devonian  rocks  of  the  southern  part  of  the  province 
•mall  quantities  of  iron,  generally  of  the  specular  variety,  are  found. 
Of  these  apparently  the  most  abundant  are  situated  at  West  beach 
and  near  the  mouth  of  Black  river  a  few  miles  east  of  St.  John. 
An  examination  of  these  ores  during  the  past  season  by  Mr.  J.  A. 
Robert  shows  that  they  occur  for  the  most  part  in  purple  schistose 
slates.  They  are  intimately  associated  with  quartz  veins  and  are 
not  sufficiently  concentrated  to  be  profitably  extracted,  and  no  large 
ore-body  was  seen  at  either  of  these  localities.  The  ores  of  West 
beach  are  more  hematitic  in  character,  but  are  also  intersected  with 
quartz  and  mixed  with  specular  ore.  Some  years  ago  a  small  quautity 
was  mined  from  this  area  and  sent  to  the  iron  works  located  at  Cold- 
brook,  about  three  miles  north  of  St.  John  city  on  the  line  of  the 
Intercolonial  railway,  but  the  results  of  the  tests  made  have  not  been 
published.  The  attempted  development  was  not,  apparently,  suc- 
cessful, as  no  further  work  has  been  done  at  either  of  these  places. 

In  Charlotte  county,  and  in  St.  John  west  of  Musquash  harbour, 
similar  occurrences  of  specular  and  hematitic  ores  have  been  recog- 
nized in  altered  Devonian  rocks,  but  nothing  of  economic  value  has 
been  found.  Near  the  post  road,  about  two  miles  west  of  the  village 
of  Lepreau,  a  large  amount  of  money  has  been  spent,  principally  in 
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boring,  to  find  a  body  of  magnetite  which  was  located  several  years 
ago  by  a  Swedish  expert  with  the  magnetometer.  Although  the  in- 
btrument  is  said  to  have  located  a  very  large  body  or  lens  of  this  ore, 
subsequent  attempts  to  find  it  with  a  diamond  drill  were  unsuccessful 
though  the  holes  were. bored  at  several  angles  which  were  supposed 
would  strike  the  ore  mass,  and  were  continued  in  some  cases  to  over 
900  feet.  In  none  of  these,  in  so  far  as  can  be  learned,  was  any  ore 
found,  with  the  exception  of  one  small  vein  which  was  traversed, 
and  which  is  probably  the  downward  extension  of  a  small  (one-inch) 
vein  seen  at  the  surface.  Analysis  of  the  ore  made  in  this  De- 
partment shows  the  quality  to  be  good,  but  the  amount  is  too 
limited  to  be  of  economic  value.  The  rocks  are  mostly  hornblende 
schists,  cut  by  masses  of  diorite,  and  small  grains  of  ore  are  dissem- 
inated through  the  rock  mass.  Work  has  been  suspended  at  this 
location. 

On  Deer  island  also  a  small  vein  of  ore  has  been  reported  for  a 
number  of  years.  It  consists  of  magnetite  mixed  with  diabase,  but 
the  size  of  the  vein  is  too  small  to  be  worked.  So  far  as  known  no 
body  of  iron  ore  has  been  found  in  the  southern  part  of  the  province 
with  the  exception  of  the  bog  ore  at  Maugerville  below 
Fredericton,  where  a  deposit  occurs  in  a  fairly  continuous  bed  ex- 
tending along  the  north  side  of  the  river  for  several  miles  with  a 
breadth  of  one-half  to  three-fourths  of  a  mile.  The  ore  occurs  here  in 
the  soil  forming  flattened  aggregations  from  six  to  twelve  inches  in 
diameter  though  sometimes  of  larger  size.  The  deposit  is  the  most 
extensive  and  valuable  yet  found  in  the  province  and  was  mined  some 
years  ago  and  sent  to  the  Woodstock  furnaces.  A  similar  deposit  is 
found  at  Burton  on  the  south  side  of  the  river,  but  the  extent  of  this 
has  not  yet  been  ascertained.  It  has  been  described  by  Dr.  R. 
Chalmers  in  the  Survey  Report  for  1882-84,  p.  99. 

Other  occurrences  of  iron  are  found  in  connexion  with  the  granites 
near  St.  George  as  small  veins  of  specular  ore  cutting  that  rock; 
as  nodules  of  hematite  in  slates  on  Coal  creek  at  the  head  of  Grand 
lake;  as  veins  of  siderite  in  limestone  and  slates  at  the  north  end 
of  Grand  Manan  island;  as  bog  iron  on  the  Southwest  Miramichi 
near  the  forks  of  the  Clearwater;  at  Tracadie;  in  the  settlements 
of  Queensbury  and  Beaver  Dam  in  York  county;  as  small  veins  of 
magnetite  in  slates  on  the  Clarendon  road,  six  miles  west  of  Gas- 
pereau  station  on  the  Canadian  Pacific,  associated  with  diabase  rocks; 
as  hematite  in  beds  of  small  but  unknown  extent  in  the  slates  near 
Oak  mountain  southwest  of  Benton:  and  as  loose  pieces  on  Peabody 
farm  about  two  miles  south  of  Woodstock.  These  last  may 
have  been  derived  from  the  ore  beds  near  that  town.   In  none  of 
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these  localities  is  the  quantity,  so  far  as  can  be  ascertained,  of 
economic  importance. 

At  present  the  largest  known  area  of  iron  ore  yet  found  in  the 
province  is  located  near  the  mouth  of  the  Nipisiguit  river  about 
twenty-two  miles  from  the  town  of  Bathurst,  and  near  the  junction  of 
a  small  stream  known  as  Austin  brook,  about  one  mile  above  the  head 
of  the  Grand  falls.  The  rocks  are  altered  slates,  in  part  schistose, 
cut  by  masses  of  green  diabase  and  the  ore  is  a  magnetite  occurring 
in  a  large  mass  extending  back  from  the  river  to  the  north  for  about 
two  miles,  with  an  exposed  width  in  places  of  thirty  to  forty  feet 
Quite  recently  another  body  of  similar  ore  was  found  in  the  vicinity. 
The  quantity  of  ore  in  the  whole  deposit  is  very  large.  It  is  distant 
from  the  Intercolonial  at  Bed  Pine  station  about  nine  miles,  bnt  a 
branch  line  could  be  built  at  comparatively  small  coat*  The  assays 
of  the  ore  in  this  Department  are  as  under: — 

Analyses  of  five  sample*  from  the  Nipisiguit  Iron  Deposit. 

Nos.  1  and  2.   From  bluff  behind  camp  near  Nipisiguit  river. 
No.  3.  From  northeast  corner,  one  mile  back  from  river. 
No.  4.  Bluff  one-quarter  mile  back  from  camp  on  large  outcrop. 
No.  5.  Second  large  outcrop  east  of  camp. 
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Laboratory  of  Geological  Survey,  November,  1006. 

M.  F.  CON'NOB. 
Analysis  of  two  simples  rom  new  area  south  of  river. 
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M.  F.  Conwor, 

Analyst. 


Digitized  by  Googl 


MIXERAL  RESOURCES 


87 


The  average  of  fourteen  analyses,  by  the  Dominion  Steel  Company 
of  Cape  Breton,  from  different  portions  of  the  deposit  gave:— 

Iron   50-85 

Manganese   1-35 

Phosphorus   0-788 

Silica   17-8 

The  area,  opened  by  trenching,  shows  fairly  well  at  the  surface, 
and  has  recently  been  proved  in  depth.  In  places  near  the  contact 
with  the  intrusive  masses  there  is  a  small  amount  of  iron  pyrite,  but 
otherwise  the  ore  appears  to  be  almost  free  from  sulphur,  and  if  the 
expense  of  opening  and  getting  to  the  railway  is  not  too  great  the 
deposit  should  be  economically  valuable.  Boring  with  a  diamond 
drill  has  shown  the  iron  ore  to  have  a  thickness  of  over  300  feet  in 
one  of  the  holes. 


COFPER. 


Copper  is  widely  disseminated  in  the  southern  part  of  the  pro- 
vince, occurring  in  both  the  sedimentary  and  igneous  rocks,  especi- 
ally near  the  coast  of  the  Bay  of  Fundy.  It  occurs  in  several  forms 
such  as  the  oxide  (cuprite),  sulphides  (copper  pyrite,  &c.)  and  car- 
bonate (malachite,  &c).  Native  copper  also  is  found  in  small 
quantities  in  certain  of  the  trap  rocks  of  Grand  Manan  island, 
similar  in  character  to  the  deposits  at  Cape  D'Or  and  the  North 
Mountain  range  in  Nova  Scotia. 

The  ore  most  widely  distributed  is  chalcopyrite.  It  is 
foubd  in  connexion  with  felsites,  diabase  and  other  igneous  rocks  at 
a  number  of  places,  but  usually  in  small  quantities.  Especially  is 
this  the  case  with  the  series  of  igneous  rocks,  many  of  which  are 
altered  to  the  schistose  slate,  which  extends  from  the  islands  of  Pas- 
samaquoddy  bay  in  the  southwest  part  of  Charlotte  county  eastward 
to  Albert  county.  These  rocks,  while  largely  of  the  character  of 
intrusives,  have  been  so  altered  by  pressure,  among  other  things, 
that  they  have  sometimes  assumed  the  form  of  gneiss  and  schist,  as 
have  also  the  containing  slates,  resembling  in  this  respect  certain 
Pre- Cambrian  rocks  of  the  Huronian  series.  The  intrusion  of  these 
igneous  rocks  into  the  slates  and  limestone  is  clearly  seen  at  a  num- 
ber of  points. 

In  certain  areas  along  this  coast  these  copper  bearing  rocks 
present  some  resemblance  to  the  so-caKad  copper  bearing  series  of 
eastern  Quebec.  They  are,  however,  in  large  part,  of  an  entirely 
different  horizon,  especially  in  the  western  part  of  the  area,  though 
the  presence  of  the  copper  ores  may  be  due  to  the  same  general  causes 
in  both  series. 
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A  number  of  these  copper  deposits  along  the  south  coast  of  the 
province  were  opened  some  forty-five  to  fifty  years  ago.  and  large 
sums  of  money  have  been  spent  in  a  vain  attempt  to  secure  profitable 
returns  from  their  development.  It  is  perhaps  not  too  much  to  say 
that  of  all  the  copper  mines  found  in  this  group  in  the  southern 
part  of  the  province  none  have  proved  remunerative  and,  with  the 
exception  of  one  in  Letite,  all  have  long  since  been  abandoned.  The 
Letite  mine,  which  was  closed  down  for  nearly  forty  years,  reopened 
about  five  years  ago. 

Two  causes  seem  to  be  against  the  profitable  working  of  these 
deposits.  In  most  of  the  occurrences  the  ore  is  a  pyrite  or  pyrrho- 
tite,  occurring  with  quarts  and  a  small  quantity  of  calcite  in  irre- 
gular bunches.  With  this  is  often  associated  small  quantities  of 
chalcopyrite,  but  in  no  observed  case  is  either  the  quantity  or  quality 
of  the  ore  mass  sufficient  to  warrant  the  expenditure  of  a  larg? 
amount  of  capital  in  development.  The  usual  statement  of  miners 
that  the  quality  is  sure  to  improve  in  depth  is  unfounded  and  cer- 
tainly does  not  apply  to  these  deposits  so  far  as  they  have  been 
worked.  In  some  cases,  as  on  Adams  and  Simpson  islands,  the 
quality  of  the  ore  (erubescite  or  peacock  ore)  is  all  that  could  be 
desired,  and  attempts  to  mine  these  have  been  made  from  time  to 
time,  splendid  samples  being  obtained,  but  in  these  cases  there  ap- 
pears to  be  no  well  defined  body,  the  deposits  being  bunchy  or  pockety. 
The  same  remark  applies  also  to  much  of  the  chalcopyrite.  It  fre- 
quently occurs  near  the  contact  of  diabase  with  slaty  rocks  or  fel- 
sitcs  or  along  some  small  line  of  fault,  and  in  quantity  varies  con- 
stantly, sometimes  alm<  st  dyirg  out  entirely  and  sometimes  reaching 
a  thickness  of  some  inches,  but  nowhere,  in  all  this  western  district, 
can  there  yet  be  said  to  be  a  deposit  of  size  and  richness  that  can  be 
worked  at  a  profit. 

The  Simpson  Island  deposit  et  one  time  promised  to  be  a  valuable 
one,  judging  from  the  character  of  the  oro  extracted.  This  was 
largely  a  dark-grey  copper  sulphide  which  by  exposure  on  the  beach 
assumed  the  conditions  of  a  pale  green  carbonate.  The  original 
location  was  on  a  vein  of  this  ore  below  highwater  mark, 
but  owing  to  the  impossibility  of  keeping  the  workings  clear  of  water 
a  shaft  was  sunk  inland  a  short  distance  to  intersect  the  vein.  This 
attempt  was  not  successful;  though  several  small  veins  or 
stringers  of  the  ore  were  found  they  were  all  too  small  to  be  profit- 
ably worked.  The  rocks  of  this  island,  like  those  of  Adams  island, 
are  purple  and  green  slates  apparently  of  Upper  Silurian  age  cut  by 
green  diabase,  the  ore  occurring  near  the  contact. 

These  dark-green,  greyish  and  purple  slates  in  places  are  altered 
to  schists  and  cut  by  masses  of  green  schistose  diorite.   They  extend 
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into  Letite  peninsula  where  copper  mining  has  been  carried  on  at 
intervals  for  more  than  half  a  century.  Here  the  old  Letite  and  the 
Wheal  Louisiana  mine  were  located,  and  shafts  were  sunk  forty-five 
years  ago  to  a  depth  of  over  100  feet  with  drifts  along  the  course  of 
the  supposed  vein,  in  which  the  ore  found  was  chiefly  small  quanti- 
ties of  pyrite  and  pyrrhotite  with  but  a  small  showing  of  chalcopy- 
rite  so  that  the  mining  was  abandoned.  Since  the  opening  of  this 
Louisiana  mine  several  years  ago  the  old  shaft  has  been  carried  down 
to  a  depth  of  over  300  feet,  apparently  following  a  line  of  fault 
or  contact  between  slates  and  diabase.  The  ore  from  this  mine  is 
largely  a  pyrite  mixed  with  quartz  and  some  calcite,  the  former  in 
small  quantity,  and  occasionally  with  a  small  percentage  of  chal- 
copyrite.  The  width  of  the  so-called  vein  varies  from  one  inch  to 
over  a  foot,  but  the  proportion  of  ore  to  the  gangue  is  small 
throughout  and  so  far  as  worked  the  conditions  do  not  seem  to 
greatly  improve  on  those  found  in  the  original  mine.  The  enlarge- 
ments in  this  deposit  may  be  due  to  small  slips  along  the  line  of  the 
fault  forming  a  lens  shaped  structure. 

This  pyritous  character  is  found  in  all  the  mines  examined  on 
the  coast  west  of  Martin  head  in  St.  John  county,  the  chalcopyrite 
being  usually  in  small  quantity  mixed  with  pyrite  or  pyrrhotite; 
but  east  of  this  place,  at  what  was  once  known  as  the  '  Vernon  mine  ' 
and  at  others  in  western  Albert  county,  the  character  of  the  ore  is 
somewhat  different  Bornite  occurs  in  small  quantity  disseminated 
through  quartz  veins  associated  with  calcite  or  chlorite.  The  whole 
series  is  intersected  by  diabase  dikes  and  the  ores  are  usually  found 
near  the  contacts  of  these  with  the  slates  or  schists.  Fine  specimens 
of  ore  can  be  found  here  but  attempts  to  mine,  some  forty 
years  ago,  were  not  attended  with  success,  while  the  resumption  of 
mining  at  this  place  five  years  ago  resulted  in  the  expenditure  of 
considerable  capital,  without  profitable  returns  to  the  stockholders. 

The  deposits  worked  in  the  neighbourhood  of  the  Upper  Salmon 
river  in  Albert  county  have  long  since  been  abandoned.  While 
excellent  samples  are  obtained  at  a  number  of  places  it  has  been 
found  practically  impossible  to  locate  any  well-defined  lode  of  ore 
which  would  give  profitable  returns  from  their  exploitation. 

One  of  the  largest  copper  mines,  so  far  as  expenditure  is  con- 
cerned, is  a  few  miles  to  the  northeast  of  Dorchester.  It  was 
first  opened  in  1882-3  and  having  been  sold  to  an  American  company 
at  a  large  figure  was  worked  for  several  years  at  a  loss,  when  it  was 
abandoned.  After  being  idle  for  some  time  it  was  acquired  about 
six  years  ago  by  another  company  by  which  a  plant  for  crushing  the 
rock  and  contained  ore  and  separating  by  electrolysis  was  erected 
at  large  expense.    This  was  found  too  costly  in  operating  to  be  pro- 
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fi table,  and  the  mine  was  again  closed  about  three  years  ago,  since 
which  time  it  has  been  idle. 

This  mine  is  located  in  the  lower  part  of  the  Millstone-grit  for- 
mation, the  rocks  being  greyish  grits  and  fine  conglomerates.  In 
places  plant  remains  are  quite  abundant  and  the  organic  matter  of 
these  has  thrown  down  a  deposit  of  copper  from  solution — apparently 
during  the  period  of  formation,  which  now  exists  in  the  form  of 
carbonate,  surrounding  the  plant  stems  which  in  places  have  been 
changed  to  coaly  matter.  Beautiful  specimens  can  be  ob- 
tained, but  the  quantity  is  limited.  It  has  been  stated  that 
the  sandstone  itself  carries  from  three  to  five  per  cent  of  grey  copper 
ore  throughout  the  mass,  and  that  by  crushing  the  rock  this  con- 
tained ore  can  be  separated  by  electrolysis.  The  aspect  of  the  rock, 
however,  does  not  warrant  the  statement  that  such  a  percentage  of 
copper  exists,  and  although  a  large  amount  of  money  has  been  spent 
in  the  mining  of  the  plant  remains,  and  of  the  rock  itself,  which 
have  been  treated  in  an  expensive  plant,  the  financial  loss  from  such 
treatment  has  been  very  large. 

The  mines  are  situated  along  the  crest  of  a  ridge  of  the  grit 
which  has  been  opened  for  a  mile  or  more.  At  the  northern  end  of 
this  ridge  a  shaft  was  sunk  in  1884  to  a  depth  of  about  100  feet; 
it  passed  through  the  grey  grit  into  a  bed  of  red  argillaceous  marl 
such  as  is  found  on  the  streams  adjacent  and  along  the  roads.  The 
disseminated  ore  in  the  sandstone  is  visible  only  by  the  aid  of  a 
magnifying  lens.  It  seems  scarcely  possible  that  by  any  known  pro- 
cess such  a  small  percentage  of  copper  can  be  profitably  extracted, 
and  certainly  the  results  thus  far  obtained  have  been  most  discour- 
aging to  the  investors. 

Indications  of  the  presence  of  similar  ores  are  found  at  a  number 
of  places  along  the  shore  of  the  estuaries  to  the  south,  and  also  near 
the  roads  in  the  direction  of  Sackville.  In  Nova  Scotia  similar  ores 
occur  in  the  area  north  of  the  Cobequid  mountains  and  unsuccessful 
attempts  to  mine  these  have  been  made  in  that  province  for  many 
years. 

Many  years  ago  a  similar  deposit  was  found  at  the  mouth  of  the 
Nipisiguit  river  near  Bathurst.  The  remains  of  a  fossil  tree  were 
found  embedded  in  a  reddish  sandstone  and  shale,  upon  which  green 
carbonate  had  been  deposited,  but  with  the  removal  of  the  fossil 
plants  the  copper  was  exhausted. 

Among  areas  in  the  western  part  of  the  province  may  be  mention- 
ed that  of  Bull  creek  about  three  miles  south  of  the  town  of  Wood- 
stock in  Carleton  county.  Here,  in  a  coarse  intrusive  grey  granite, 
small  veins  of  quartz  occur  carrying  traces  of  pyrite  and  chalcopy- 
rite.    The  ore  i*  like  that  on  the  coast,  of  Charlotte  county, 
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and  though  attempts  to  mine  it  have  been  made  from  time  to  time, 
resulting  in  the  expenditure  of  much  capital,  all  such  efforts  have 
been  unprofitable,  owing  to  the  very  limited  amount  of  ore  contained 
in  the  area. 

In  the  area  to  the  north  of  Bathurst  are  several  small  streams 

flowing  into  Chaleur  bay,  where  boulders  of  copper-bearing  rock  have 
been  observed  for  many  years,  but  as  the  country  is  generally  densely 
wooded  as  well  as  partly  drift-covered,  the  location  of  the  ore  body 
has  never  been  found.  The  character  of  this  district  renders  pros- 
pecting very  difficult,  and  if  any  such  deposit  should  ever  be  found 
it  will  probably  be  by  mere  accident.  The  rocks  are  slates  and 
occasional  limestones  with  masses  of  igneous  rocks  such  as  felsites, 
diabase  and  granite,  most  of  which  are  more  recent  than  the  rocks 
with  which  they  are  associated. 

A  new  locality  for  copper  was  seen  last  season  on  Jordan  moun- 
tain in  a  dike  of  reddish  felsite  carrying  a  small  proportion  of  grey- 
ish ore.  The  felsite  cuts  a  greyish  diabase  and  in  one  place  has  a 
breadth  of  eight  feet,  showing  copper  stains  through  the  larger 
part  of  the  mass.  A  small  shaft  has  been  sunk,  but  the  showing 
of  ore  is  not  large  and  the  actual  value  cannot  yet  be  determined. 
Its  occurrence  is  similar  to  the  felsite  ores  of  southern  Charlotte. 

NICKEL. 

A  deposit  of  nickeliferous  pyrrhotite  has  been  known  for  some 
years  near  the  town  of  St.  Stephen.  The  ore  body  is  irregular, 
occurring  apparently  as  pockety  masses  near  the  contact  of 
altered  slates  and  masses  of  a  green-grey  gabbro  which  are  intrusive 
in  the  slates.  Formerly  it  was  supposed  that  these  rocks  were  among 
the  most  ancient  in  the  province.  It  now  appears  that  the  slaty 
portion  is  altered  Upper  Silurian,  while  the  gabbro  is  newer.  Their 
similarity  to  the  nickel  bearing  rocks  of  the  Sudbury  district  is  not 
proven,  since  the  latter  are  of  Huronian  age.  An  examination  of 
the  deposit  near  St.  Stephen  was  made  in  1903,  in  order  to  ascer- 
tain the  actual  economic  value  of  this  mass. 

The  result  of  the  examination  showed  that  the  deposit  of  nickel- 
iferous pyrrhotite  occurred  as  a  contact  pockety  mass  for  the  most  part 
in  an  intrusive  gabbro  which  cuts  Upper  Silurian  slates;  that  the 
deposit  is  limited  in  extent  and  that  the  percentage  of  nickel,  being 
less  than  two  per  cent,  is  too  low  to  be  profitably  extracted  by  methods 
now  in  use,  and  that  no  improvement  in  character  could  be  found 
in  any  of  the  occurrences  of  the  ore  in  the  vicinity.  In  the  Letite 
mine  small  amounts  of  nickel  have  also  been  recognized  in  the 
pyrrhotite,  but  here  the  amount  of  the  ore  itself  is  too  insignificant 
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to  render  the  deposit  commercially  valuable.  Assays  of  the  St. 
Stephen  ore,  made  in  this  Department,  gave: — 

Nickel   1-72 

Cobalt   0*16 

Copper   0-31 

Assays  of  selected  samples  from  both  the  Todd  and  Carroll 
mines  gave  Mr.  M.  F.  Connor  of  the  assay  office,  nickel  1  38; 
cobalt,  0-21. 

It  would  seem  from  these  assays,  which  fairly  represent  the 
whole  of  the  output,  that  the  percentage  of  nickel  in  the  pyrrhotite 
is  practically  too  low  to  permit  of  smelting  by  ordinary  methods 
employed  at  Sudbury.  If,  however,  a  process  of  concentration  could 
be  installed  on  the  spot  at  an  expense  not  too  great  f6r  an  appar- 
ently limited  ore  body,  it  is  possible  that  a  paying  industry  could 
be  established,  by  shipping  the  resulting  concentrates  to  the  large 
works  at  Constable  Hook,  New  Jersey,  where  the  final  separation 
and  refining  could  be  effected.  It  is  as  yet,  however,  a  question 
whether'  the  quantity  of  ore  in  sight  is  sufficient  to  warrant  the 
expense  necessary  for  the  erection  of  such  a  plant 


ANTIMONY. 

Antimony  in  Canada  is  a  somewhat  rare  mineral  With  the  ex- 
ception of  the  deposits  which  occur  in  Hants  county,  Nova  Scotia, 
and  which  have  been  worked  intermittently  for  some  years,  that  at 
Prince  William,  situated  about  twenty-five  miles  west  of  Fredericton, 
is  the  most  available  at  present.  In  the  province  of  Quebec  the 
mineral  also  occurs  in  the  Eastern  Townships  in  South  Ham,  but  no 
work  has  been  done  at  this  place  for  some  years. 

The  discovery  of  this  mineral  in  the  slates  and  quartzites  of 
York  county  at  Prince  William  was  made  some  forty-five  years  ago, 
the  ore  occurring  as  stibnite  or  sulphide  of  antimony.  Masses  of 
intrusive  rock,  granite  and  diabase  occur  in  the  vicinity  and  have 
led  to  local  alteration  of  the  strata,  with  the  production  of  quartz 
veins  in  which  the  mineral  occurs.  Some  of  these  veins  are  mere 
strings  of  quarto,  while  in  places  they  reach  a  thickness  of  several 
feet.   Native  antimony  also  is  present  in  small  quantity. 

The  mining  of  these  ores  and  their  reduction  in  a  furnace  to 
metallic  antimony  was  carried  on  at  this  place  for  some  years,  an 
extensive  plant  having  been  erected  by  the  Lake  George  Antimony 
Company.  The  smelting  was  discontinued  after  several  years  trial, 
in  which  it  would  appear  that  the  general  results  were  not  very 
profitable,  and  afterwards  the  ore  mined  was  shipped  in  the  crude 
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state.  In  1883  it  is  said  that  ninety  men  were  employed,  with  a 
resulting  shipment  of  twenty-nine  tons,  the  shaft  being  sunk  to  a 
depth  of  300  feet   Work  was  finally  abandoned  in  1890. 

This  ore  apparently  occurs  as  contact  deposits  or  pockets,  asso- 
ciated with  some  one  of  the  intrusive  masses.  Whether  a  system 
of  diamond  drill  borings  would  tend  to  locate  other  deposits  at  this 
locality  is  a  matter  for  future  testing  under  proper  direction.  The 
quality  of  the  ore  taken  out  is  excellent,  the  percentage  of  the  anti- 
mony as  per  analyses  made  by  Dr.  W.  W.  Bailey  being  as  follows ; 
from  three  samples: — 


701 

69-00 

28-84 

27-28 

•0 

0-85 

1-50 

1-50 

99-50 

100  00 

98-63 

During  the  present  year,  1907,  work  has  again  been  resumed  on 
this  property  and  a  considerable  quantity  of  good  ore  has  already 
been  extracted.  The  prospects  of  successful  development  are  reported 
as  very  favourable. 

LEAD  AND  8ILVER. 

Veins  of  galena  containing  a  small  percentage  of  silver  are  found 
at  a  number  of  places  both  in  the  northern  and  southern  parts  of  the 
province,  and  in  rocks  of  widely  differing  character.  Where  tested, 
however,  the  results  have  been  unsatisfactory. 

In  Charlotte  county  small  veins  of  quartz,  occurring  in  connex- 
ion with  diabase  dikes  that  cut  altered  slates  and  limestone  of  Upper 
Silurian  age,  are  found  on  Frye  and  Gampobello  islands,  and  on 
the  estuary  of  the  Magaguadavic  river  about  two  miles  below  St 
George  village.  At  none  of  these  places  does  the  ore  occur  in  econo- 
mic quantity,  and  the  several  attempts  made  at  development  have 
long  since  been  abandoned. 

In  St  John  county,  near  Frenchman  creek,  on  the  east  side  of 
Musquash  harbour,  a  pit  has  been  sunk  to  a  depth  of  twenty-nine 
feet  in  a  whitish  dolomite  in  which  small  stringers  of  galena  mixed 
with  a  yellow  zinc  blende  are  found.  The  amount  of  ore  is  insignifi- 
cant, but  an  analysis  by  this  Department  showed  25*08  ounces 
silver  per  ton  of  2,000  pounds.  On  the  west  side  of  the  harbour  a 
small  vein  that  occurs  with  granitic  rock  contained  14*218  ounces 
silver  to  the  ton.   The  thickness  of  the  vein  of  white  quartz  at  the 
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latter  place  is  from  eight  to  twelve  inches  and  the  galena  is  mixed 
with  chalcopyrite.  The  hardness  of  the  rock  and  the  small  size  of 
the  vein  are  against  its  profitable  development 

In  Kings  county  small  veins  of  galena  of  no  value  are  found  in 
the  Lower  Carboniferous  limestone  of  Dickie  mountain  north  of 
Norton,  and  near  Wanamake's  inn  on  Hammond  river  in  Uphasn 
parish,  occurring  with  cbalcopyrite  in  quartz  veins  that  cut  diabase 
and  felsitic  rocks,  the  galena  carrying  3-099  ounces  silver  to  the  ton. 
Near  Quispamsis  also,  indications  of  galena  with  pyrite  and  blende 
occur  in  granite. 

In  Gloucester  county  argentiferous  galena  has  been  found  in 
several  places  within  a  few  miles  of  the  town  of  Bathurst,  viz.,  the 
Nigadu  river,  the  north  branch  Elmtree  river,  and  on  Rocky  brook, 
a  branch  of  the  Nipisiguit.  Although  considerable  work  has  been 
done  on  the  Nigadu  and  Elmtree  deposits  all  mining  was  discon- 
tinued some  years  ago.  The  Nigadu  workings  were  opened  in  1879-80 
and  the  percentage  of  silver  as  determined  in  the  Survey  laboratory 
was  about  five  ounces  to  the  ton.  The  ore  from  Elmtree  gave  an 
assay  about  seven  ounces  to  the  ton.  In  both  cases  the  deposits  are 
too  small  to  be  economically  worked. 

GOLD. 

Various  reports  as  to  the  occurrence  of  gold  have  been  in  circu- 
lation for  many  years,  but  so  far  as  the  examination  of  the  rock 
formations  has  extended  no  well  denned  gold  bearing  district  has 
yet  been  located.  In  Nova  Scotia  this  mineral  is  found  with  quartz 
veins  in  the  gold-bearing  slates  which  have  always  been  regarded  as 
of  Cambrian  age;  but  while  rocks  of  similar  age  occur  at  several 
points,  more  especially  about  St.  John  city,  and  for  some  miles  to 
the  east,  that  also  carry  quartz  veins  and  are  thrown  into  folds, 
their  auriferous  character  has  never  been  proved. 

These  characteristic  Cambrian  rocks  of  St  John  are  well  defined 
in  certain  parts  by  an  abundance  of  fossils,  a  feature  which  does 
not  belong  to  the  Nova  Scotia  gold  bearing  series.  It  is,  therefore, 
impossible  to  correlate  the  series  in  the  two  provinces.  The  St. 
John  deposits  are  evidently  much  thinner  than  those  of  Nova  Scotia, 
and  while  they  are  cut  by  diorites  or  diabase  at  several  points  there 
are  not  the  same  well-defined  anticlines  or  large  quartz  veins  as  in 
the  adjacent  province. 

The  other  areas  of  supposed  Cambrian  rocks  extend  across  the 
northern  part  of  the  province  from  the  Maine  boundary  in  York 
county  nearly  to  Chaleur  bay.  These  are  largely  black  and  grey 
slates  with  occasional  tints  of  red,  and  in  some  respects  resemble 
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portions  of  the  Sillery  rocks  of  Quebec.  They  are  in  places  inter- 
sected with  small  and  gashy  quartz  veins,  but  though  fairly  well 
traversed  over  hundreds  of  miles  they  do  not  show  well-defined 
veins  of  the  mineral.  These  small  veins  are  especially  abundant  on 
the  Upper  Miramichi  waters.  Masses  of  granite  and  diabase  cut  the 
slates  of  this  area,  but  though  numbers  of  quartz  veins  were  broken 
up  during  the  work  in  this  district,  no  trace  of  gold  was  seen  in  any 
of  them.  There  does  not  appear  to  be  any  well-defined  reason,  how- 
ever, why  in  some  portion  of  this  slate  area  gold  may  not  some  day 
be  discovered;  but  the  district  is  difficult  of  access,  being  a  perfect 
wilderness,  and  hard  to  traverse,  so  that  a  well  conducted  prospect- 
ing party  has  probably  never  been  over  large  portions  of  the  country. 
All  the  reports  of  gold  have  so  far  been  from  local  panning  along 
some  of  the  brooks,  and  of  some  of  these  the  gold  found  was  appar- 
ently the  result  of  '  salting.'  Of  this  character,  probably,  was  the 
reported  finding  of  a  gold  field  several  years  ago  near  the  head  of  the 
Nashwaak. 

Only  in  one  case  was  gold  in  place  obtained  by  washing  by  Dr. 
Chalmers  of  this  Department.  This  was  on  the  upper  part  of  Camp- 
bell river  (the  Right  Hand  branch  of  the  Tobique),  although  in  the 
reports  of  Dr.  Hind  the  presence  of  this  metal  is  recorded  from 
several  points. 

MANGANESE. 

This  mineral  was  mined  many  years  ago  to  a  considerable  extent 
and  became  an  important  article  of  export.  The  principal  deposit 
was  at  Markhamville  where  an  ore  of  high  grade  was  obtained  which 
occured  in  pockety  deposits,  sometimes  containing  hundreds  of 
tons  of  pyrolusite  near  the  contact  of  Lower  Carboniferous  lime- 
stone with  the  Pre-Carabrian  rocks  of  the  so-called  Coastal  range, 
which  includes  large  areas  of  igneous  rocks.  The  limestone  in 
which  the  ore  occurs  is  usually  greyish  or  buff  coloured,  with  bands 
of  shale,  and  the  manganese  (pyrolusite)  occurs  sometimes  as  veins 
with  calcite,  or  as  lenticular  bodies  in  the  limestone  itself.  The 
mines  at  Markhamville  produced  from  1868  to  1894,  in  which  year 
the  mining  ceased,  25,024  tons,  valued  at  $409,203.  No  attempts, 
so  far  as  can  be  learned,  have  since  been  made  to  locate  deposits  of 
this  mineral  along  the  line  of  contact. 

Among  other  localities  in  which  manganese  has  been  found  and 
worked  to  some  extent  may  be  mentioned  the  Glebe  mine,  three  miles 
northeast  of  Markhamville,  and  seven  miles  from  the  Intercolonial 
railway  at  Sussex,  the  ore  occurring  as  nodules  or  thin  layers,  asso- 
ciated at  times  with  calcite.   Several  shafts  and  tunnels  were  opened 
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but  the  actual  mining  continued  for  only  a  short  time  and  was  then 
abandoned.    No  returns  of  output  are  available. 

On  the  east  side  of  Jordan  mountain,  about  seven  miles  northeast 
of  Sussex,  a  deposit  was  discovered  about  twenty-five  years  ago.  It 
is  also  a  contact  deposit  occurring  in  Lower  Carboniferous  con- 
glomerate near  the  contact  of  felaite  and  diabase,  the  conglomerate 
being  made  up  of  the  debris  of  the  underlying  rocks.  The  ore  is 
generally  a  fine-grained  massive  pyrolusite,  but  sometimes  shows 
a  crystalline  structure.  The  main  mass  of  the  ore  is  near  the  base  of 
the  conglomerate  and  is  exposed  in  a  trench  on  the  slope  of  the  hill, 
but  at  the  time  of  our  visit  last  summer  much  of  this  trench  was 
filled  with  debris.  From  Dr.  Bailey's  notes,  however,  we  may  assume 
that  the  ore  extends  for  sixty-five  feet  with  an  average  thickness  of 
about  six  feet,  and  is  apparently  a  lenticular  mass  conformable  to 
the  bedding  rather  than  a  true  vein.  Small  stringers  also  occur 
penetrating  the  adjacent  rock.  The  colour  is  generally  iron-black 
or  steel-grey  with  a  dull  lustre.  Portions  of  the  deposit  appear  to 
be  low  grade,  while  other  portions  are  of  fine  quality.  The  following 
assays  taken  from  Dr.  Bailey's  report  are  appended:— 

Analysis  by  Prof.  P.  B.  Wilson,  Baltimore,  Md.  November  7,  1887. 


Mang.  bi-oxide   86 '08 

Metallic  mang   54  -57 

Iron  oxide   0-87 

Silica   2  86 

Analysis  by  Dr.  Otto  Wirth,  Pittsburg,  Pa.,  November  28,  1887. 

Metallic  mang   52-88 

Iron   118 

Silica   9  70 

Phosphorus   0014 

Analysis  by  Pennsylvania  Steel  Company,  December  IS,  1887. 

Manganese   57-37 

Silica   0-23 

Phosphorus   0015 

Sulphur   0-61 


The  ore  was  hauled  by  team  to  Sussex  station,  I.C.R.,  a  distance 
of  seven  miles.  Work  has  been  suspended  for  some  years,  but  a 
number  of  tons  are  on  the  ground  awaiting  shipment. 

The  deposits  at  Quaco  head,  one  mile  southwest  of  the  village  of 
St  Martin,  on  the  Bay  of  Fundy,  occur  in  Lower  Carboniferous 
shale  and  limestone  associated  with  conglomerate.    The  ore  h 
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chiefly  pyroluaite,  and  the  rocks  are  cut  by  dikes  and  masses  of  dia- 
base. The  strata  are  much  disturbed  and  the  ore  is  found  in  irreg- 
ular veins  of  varying  thickness  and  in  nodules  from  an  inch  to 
several  inches  in  diameter,  the  thickness  of  the  ore-bearing  bed  be- 
ing estimated  at  about  thirty  feet  in  places.  Analysis  of  the  ore  by 
Dr.  A.  M.  Comey  shows  for  selected  samples: — 

Compact  Porous 
Variety.  Variety. 

Manganese  peroxide   71-54  65-00 

Ferric  oxide   219  1-75 

Calcium   trace  trace 

Phosphorus   003  004 

Sulphur   0  00  0  00 

Insol-silicates   8  37  6-66 

Manganese   58-20  57-15 

Iron   1-53  1-23 


Dr.  Bailey  remarks  on  this  deposit  *  The  ore-bearing  rocks  can 
be  traced  on  the  promontory  at  intervals  for  almost  a  mile,  to  a 
place  where  an  opening  has  been  made  on  the  farm  of  Mr.  Molaskey. 
On  the  north  side  of  the  head  small  scattered  nodules  of  manganese 
ore  are  found  in  the  gravel  drift  that  lines  that  part  of  Quaco  har- 
bour and  extends  inland  over  the  Lower  Carboniferous  rocks.  They 
have  doubtless  been  derived  from  the  latter  rocks  during  deposition 
of  the  gravel,  in  the  same  way  that  the  red  sandstone  just  mentioned 
obtained  its  manganese  contents  at  an  earlier  date/  Like  the  rest 
of  the  manganese  mining  of  this  province  work  has  here  been  dis- 
continued for  some  years. 

On  a  small  deposit  of  this  ore,  found  on  the  east  side  of  Salisbury 
bay  in  Albert  county,  near  the  contact  of  Triassic  and  Lower  Car- 
boniferous rocks,  some  mining  was  done  thirty  years  or  more  ago. 
In  the  vicinity  of  Elgin,  on  the  north  side  of  Gowland  mountain, 
large  pieces  of  good  ore  have  been  obtained  on  the  surface,  but  the 
source  of  these  has  never  yet  been  found.  It  probably  is  at  or  near 
the  contact  of  the  slates  and  conglomerate  of  the  valley  with  igneous 
rocks  of  the  mountain. 

On  the  west  side  of  Shepody  mountain  a  deposit  of  considerable 
extent  was  discovered  and  worked  many  years  ago.  It  is  at  the  con- 
tact of  Lower  Carboniferous  shales,  limestone  and  conglomerates  on 
the  north  side  of  the  mountain  along  the  road  from  Hopewell  to 
Albert  mines.  The  mining  was  begun  in  1860  by  a  Mr.  Steadman 
of  Hopewell  who  drove  an  adit  into  the  limestone  for  a  distance  of 
about  500  feet.    The  ore  was  the  black  oxide  and  of  high  grade, 
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about  500  tons  being  reported  as  extracted.  It  was  found  both  in 
veins  and  as  beds,  with  an  occasional  thickness  of  five  feet.  Works 
were  erected  for  the  treatment  of  the  ore  on  the  ground,  but  owing 
to  lack  of  capital,  or  lack  of  experience  in  its  manipulation,  were 
shortly  after  abandoned  and  the  place  has  become  a  ruin.  It  is 
possible  that  further  exploration  on  this  line  of  contact  would  dis- 
cover other  deposits  of  the  mineral. 

The  uncertainty  of  finding  continuous  beds  of  this  ore  militates 
against  a  persistent  search.  There  is  apparently  no  reason  why  the 
mineral  should  be  confined  to  one  portion  of  a  contact  between 
igneous  rocks  on  the  one  side  and  Lower  Carboniferous  limestone 
on  the  other,  especially  where  the  ore  occurrences  are  large  and  fairly 
continuous,  but  the  expense  of  carrying  on  the  exploration  beyond 
the  limit  of  the  profitable  areas  has  evidently  been  sufficient  to  deter 
investigation  in  many  cases,  even  when  such  further  exploration 
might  have  resulted  in  finding  other  and  similar  deposits. 

The  largest  deposits  of  manganese  in  the  province  are  of  the 
variety  known  as  wad  or  bog  ore.  This  is  more  or  less  earthy  and 
impure,  occurring  on  the  surface  in  beds  of  considerable  extent  at 
several  points.  Of  these  the  largest  at  present  known  is  in  Albert 
county,  at  Dawson  settlement,  about  five  and  a  half  miles  northwest 
of  Hillsborough.  It  is  found  principally  on  the  north  slope  of  a  hill 
that  rises  from  a  small  brook  flowing  into  the  Petitcodiac  river. 
The  upper  part  of  this  slope  is  wooded,  but  the  lower  portion  is 
cleared,  and  when  a  thin  covering  of  soil  is  removed  an  extensive 
deposit  of  a  fine  black  powdery  mineral  is  exposed  covering  the  whole 
hillside.  This  has  been  proved  in  depth  by  boring  and  found  to 
extend  downward  in  places  for  twenty-five  to  thirty  feet,  the  lower 
part  sometimes  being  of  a  hard  nature  as  if  the  mineral  were  in  the 
solid  condition.  The  estimated  quantity  of  wad  at  this  place  is  more 
than  170,000  tons.  Analyses  made  by  well  known  chemists  give  as 
the  average  of  twelve  samples : — 


Metallic  manganese   45-81 

Metallic  iron   9-95 

Sulphur   003 

Phosphorus  •   0  •  05 

Silica   5-36 


This  ore  is  practically  valueless  for  the  uses  to  which  pyrolusite 
is  applied,  and  in  its  natural  condition  is  of  but  small  commercial 
importance.  After  trying  in  vain  for  some  time  to  work  the  deposit, 
a  scheme  of  briquetting  was  instituted  which  has  aparently  solved 
the  problem  of  its  utility.    An  extensive  plant  has  been  erected  on 
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the  spot,  the  manganese  powder  is  wheeled  in  to  the  dryer,  then 
conveyed  to  the  mixer,  and  then  to  the  machines  for  briquetting, 
whence  it  comes  out  in  the  form  of  cylindrical  blocks  about  two 
inches  in  diameter  and  the  same  in  length,  of  sufficient  cohesiveness 
to  stand  transport  by  rail  to  place  of  destination.  The  raw  material 
in  its  dry  state  is  difficult  to  manipulate  as  the  fine  powder  is  very 
penetrating  and  fills  the  surroundings  with  a  smothering  dust.  The 
prepared  blocks  were  shipped  to  iron  works  at  Bridgeville,  N.S., 
where  they  found  a  ready  market  during  the  time  of  operation.^ 
Owing  to  several  causes,  financial  and  legal,  the  works  were  closed 
down  about  five  years  ago  and  have  not  as  yet  been  re-opened  though 
the  property  has  changed  hands.  Outcrops  of  similar  ores  are  found 
along  the  course  of  the  brook,  but  no  attempts  at  developing  these 
have  apparently  been  made. 

BITUMINOUS  COAL. 

The  history  of  the  New  Brunswick  coal-fields  has  been  written 
so  frequently  that  it  scarcely  seems  necessary  to  reproduce  it  here, 
in  any  considerable  length.  As  regards  the  geological  aspect  of  the 
question,  the  rocks  that  make  up  the  Carboniferous  system  of  the 
province  are  divisible  into  three  parts,  viz.,  the  Lower,  comprising 
limestone,  gypsum,  red  conglomerate,  shale  or  marl  and  sandstone 
both  grey  and  red;  the  Millstone-grit,  comprising  purple  and  grey 
shale  and  sandstone  with  conglomerate  holding  white  quartz  pebbles 
near  the  base,  the  formation  containing  thin  seams  of  coal,  workable 
in  places,  of  which  at  least  two  have  been  recognized;  and  a  series 
of  soft  red,  sometimes  greyish  sandstones  and  shales  similar  to  the 
rocks  of  Prince  Edward  Island,  found  in  small  areas  along  the  east 
coast  of  the  province  bordering  on  the  Gulf  of  St.  Lawrence  and 
Northumberland  strait,  belonging  to  the  Upper  or  Permo-Carboni- 
ferous.  The  productive  coal-measures  of  Nova  Scotia  which,  with 
the  Millstone-grit,  form  the  Middle  Carboniferous  in  that  province, 
are  not  apparently  represented  in  New  Brunswick. 

The  Millstone-grit  rocks  occupy  a  large  area,  approximately  not 
far  from  10,000  square  miles,  of  roughly  triangular  shape,  with  the 
base  on  the  Gulf  of  St.  Lawrence.  At  a  number  of  places  around 
the  margin  of  the  basin,  as  well  as  at  points  in  the  interior,  outcrops 
of  bituminous  coal  occur.  To  the  northeast  these  are  seen  on  the 
south  side  of  Chaleur  bay,  at  New  Bandon  and  near  Caraquet,  where 
the  thickness  is  from  six  to  ten  inches;  also  on  the  Dungarvon  river, 
one  of  the  branches  of  the  Miramichi,  the  thickness  of  coal  being 
from  ten  to  twelve  inches.   North  of  Fredericton  it  outcrops  on  the 
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Taxis  and  Nashwaaksis  rivers;  to  the  southwest  on  the  Yoho  and 
Oromocto  rivers,  with  a  thickness  of  four  to  five  inches  only;  but  no 
boring  has  been  made  in  these  localities  so  far  as  is  known  to  deter- 
mine whether  a  lower  or  thicker  seam  does  not  occur.  Going  east 
along  the  southern  margin  it  occurs  on  Mersereau  brook  the  thick- 
ness not  being  definitely  ascertained,  but  apparently  about  one  foot, 
and  farther  east  in  Clones,  on  a  small  stream,  two  seams  are  reported 
which  according  to  the  notes  of  Dr.  Matthew  (rave  a  thickness  of 
about  three  feet.  On  a  subsequent  trial  by  boring  this  thickness  was 
greatly  reduced.  On  the  east  side  of  St.  John  river  on  Long  creek, 
south  of  the  Washademoak  near  Cole  island,  the  seam  outcrops  with 
a  thickness  of  about  ten  to  twelve  inches,  but  is  a  dirty  coal. 

In  the  interior  of  the  basin  the  principal  outcrops  are  about  the 
head  of  Grand  lake,  and  on  the  Coal  branch,  a  stream  in  Kent  county 
flowing  into  the  Richibucto  river.  At  Minto,  which  is  the  present 
name  of  the  mining  centre  in  the  Grand  Lake  district,  and  the  ter- 
minus of  the  railway  from  Norton  on  the  Intercolonial,  two  seams  are 
found,  one  of  twenty  to  twenty-four  inches,  the  second  from  six  to 
ten  inches.  Sometimes  these  approach  so  closely  as  to  be  worked  as 
one,  the  parting  of  shale  being  reduced  to  about  three  inches.  In 
the  report  for  1872-3  the  measurements  of  these  seams  at  a  number  of 
outcrops  are  given.  Since  that  date  mining  in  this  area  has  developed 
very  much  and  the  thickness  of  the  seams  worked  can  be  better 
ascertained.  The  thickness  of  thirty  inches  is  found  at  King's  mine, 
and  practically  on  several  areas  adjacent.  In  the  report  referred  to 
a  measurement  of  coal  near  the  steamboat  wharf  on  the  lake,  on  Mc- 
Mahon's  property,  as  seen  in  a  stripping  for  a  length  of  forty  feet, 
also  showed  thirty  inches  of  coaL  In  the  report  on  '  Mineral  He- 
sources,  Bailey,  1897,'  mention  is  made  of  the  property  of  Robert  Cox 
on  the  Emigrant  Settlement  road,  where  there  was  measured  thirty- 
three  inches  of  coal  in  two  seams  separated  by  a  six  inch  parting. 
The  seam  as  measured  in  King's  mine  was  in  two  parts,  the  upper 
of  twenty-four  inches,  a  parting  of  three  inch  shale  and  a  lower  ee^m 
of  six  inches. 

At  most  of  the  mines  in  this  vicinity,  while  probably  the  two 
seams  occur,  the  parting  evidently  increases  in  thickness  so  that 
usually  only  the  upper  seam  is  worked,  varying  from  eighteen  to 
twenty  inches  of  good  coal  But  even  with  this  comparatively  small 
seam  it  is  possible  to  take  out  a  large  amount  of  coal  when  properly 
and  economically  mined.  It  is  estimated  at  King's  mine  that  the 
coal  per  acre  from  the  thirty  inch  seam  totals  nearly  4,000  tons,  the 
coal  being  entirely  removed.  This  gives  about  1,500  tons  per  foot  of 
seam  per  acre  in  mining. 
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In  the  Coal  Branch  area  the  seam  ranges  from  sixteen  to  eighteen 
inches,  which  is  the  one  at  present  mined,  while  in  a  boring  one  mile 
north  of  Moncton  sixteen  inches  were  passed  through.  Farther  south 
at  Dunsinane  a  seam  of  eighteen  to  twenty  inches  outcrops  on 
Stones  brook  which  has  been  opened  up  by  adits  to  a  depth  of  about 
seventy  feet  on  the  dip  of  the  seam,  and  a  number  of  bore  holes  have 
been  put  down  which  showed  the  presence  of  two  seams  with  the 
aggregate  thickness  of  the  seams  at  Minto.  Preparations  are  now 
being  made  for  a  further  test  of  this  side  basin  at  Dunsinane. 

It  will  be  seen,  therefore,  that  what  may  be  called  the  principal 
seam  extends  over  a  wide  area.  It  does  not  necessarily  follow,  how- 
ever, that  its  continuity  is  unbroken  throughout  this  whole  extent, 
since  in  the  series  of  low  undulations  which  affect  the  coal-bearing 
strata  some  portions  of  the  coal  have  probably  come  to  the  surface 
and  have  been  removed  by  denudation.  This  is  seen  at  the  borings 
recently  made  at  Pockmouche  near  Caraquet,  where  the  small  seam 
on  the  shore  reappears  inland  a  few  miles  south,  and  was  opened  in  a 
shallow  pit,  while  in  a  boring  a  few  hundred  feet  north  to  a  depth 
of  over  700  feet  no  trace  of  the  coal  was  found.  Here  the  drill  ap- 
parently passed  through  the  so-called  coal  meaures  for  about  half  the 
distance  down,  then  through  the  Lower  Carboniferous  formation  and 
penetrated  the  underlying  Devonian  for  nearly  100  feet  of  grey  sand- 
stone, representing  portions  of  the  grey  sandstones  of  that  age  so 
well  exposed  on  the  Gaspe  coast  to  the  north. 

The  thinness  of  the  coal-bearing  formation  as  a  whole  is  also  seen 
from  the  borings  made  at  various  points  such  as  at  Minto  (Grand 
lake)  where  the  underlying  Devonian  slates  were  met  at  a  depth  of 
260  feet  from  the  surface  and  in  the  boring  at  the  Bridge  at  211  feet, 
this  hole  being  started  at  about  sixty  feet  below  the  surface  seam. 
The  Devonian  rocks  apparently  occur  as  a  ridge  without  a  covering 
of  the  Lower  Carboniferous  at  this  place.  Another  hole  bored  near 
the  outcrop  of  the  coal  and  about  two  miles  west  of  this  one,  reached 
the  slates  at  practically  the  same  depth  below  the  coal. 

At  other  places  the  thickness  of  the  formation  varies  somewhat. 
T^hus  in  the  boring  at  Cocagne  in  Kent  county  the  Lower  Carboni- 
ferous was  reached  at  about  850  feet  in  so  far  as  the  borings  can 
be  determined.  In  this  boring  a  seam  of  coal  of  four  inches  only  was 
reported  a  few  feet  from  the  surface. 

At  Dunsinane  the  thickness  of  the  Millstone  grit  is  about  400 
feet;  at  Chatham  about  300  feet;  at  Caraquet  about  400  feet;  at 
Three-tree  creek  south  of  Fredericton  about  300  feet,  no  coal  being 
found  here;  and  at  Mfecton  in  a  boring  about  one  mile  north,  or 
near  where  the  new  rafrway  yard  is  located,  a  seam  of  sixteen  to 
eighteen  inches  was  struck  at  a  depth  of  609  feet  underlaid  by  a  band 
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of  coal  and  shale  one  foot  thick,  but  no  recognized  base  of  the  for- 
mation was  reached,  the  hole  being  continued  downward  for  only 
140  feet  farther.  It  will  be  seen  therefore  that  the  thickness  of  the 
so-called  coal-formation  in  the  province  is  quite  thin,  and  that  with 
the  exception  of  the  coals  known  as  the  '  surface  seams '  there  is  no- 
thing as  yet  found  to  warrant  the  assumption  that  deeper  lying 


For  many  years  the  coals  exposed  at  the  mines  of  Newcastle  creek 
near  Grand  lake  have  been  worked  on  a  small  scale.  Until  within 
the  last  five  years  when  the  railway  was  completed  from  Norton  to 
Minto,  where  the  principal  mines  are  situated,  the  only  means  of 
transport  to  market  was  by  woodboat  on  Grand  lake  in  summer  or 
by  teams  in  winter  to  Fredericton,  thirty  miles  distant.  Up  to  that 
date  no  attempt  appears  to  have  been  made  at  screening  the  output 
or  at  separating  the  slate  and  sulphur,  the  entire  output  being  shipped 
to  the  market  as  run  of  mine.  In  addition  to  the  original  defects  in 
the  mining  of  the  coal  the  methods  of  shipment  necessitated  the 
handling  or  shovelling  from  team  to  landing,  then  to  barge,  then  the 
subsequent  movement,  until  in  all  it  was  handled  or  shovelled  and 
dumped  six  to  eight  times.  As  a  consequence  the  coal  was  generally 
broken  into  small  fragments,  thoroughly  mixed  with  dirt  and  other 
impurities  and  was  universally  regarded  with  disfavour  for  domestic 
consumption  or  as  a  producer  of  steam.  With  the  advent  of  the 
railway  a  new  era  was  inaugurated.  Several  of  the  mines  were 
equipped  with  hoisting  plants  either  by  steam  or  by  horse  whim,  the 
output  was  carefully  screened  and  handled  and  inspected  by  an  in- 
spector appointed  by  the  Intercolonial  railway,  and  as  a  result  the 
coal  shipped  to  Norton  station  is  of  excellent  quality,  clean  and 
bright,  and  furnishes  a  fuel  for  either  domestic  or  steam  purposes 
equal  to  any  obtained  from  the  Nova  Scotia  mines. 

At  present  there  "are  twenty-one  companies  or  mine  owners  en- 
praffed  in  mining  at  Minto  and  vicinity.  Of  these,  nine  mine  and 
ship  their  coal  direct  from  the  pit  by  railway  with  a  minimum  of 
handling,  either  to  Norton  or  to  Chipman,  from  which  latter  place 
it  is  shipped  to  St  John  or  Fredericton  by  schooner.  The  remain- 
ing twelve  producers  ship  by  water  from  the  wharf  on  Grand  lake 
by  woodboat.  This  water  shipment  amounts  annually  to  about  4,000 
tons,  is  unscreened  and  handled  in  the  old  way,  the  coal  being 
hauled  to  the  landing  in  wagons,  and  consequently  is  unsatisfactory 
to  the  consumers.  That  sent  by  rail  for  the  Intercolonial  is  screened, 
but  a  considerable  portion  of  the  rail  coal  is  also  shipped  as  run  of 
mine.  The  value  of  the  screened  coal  at  2fa|ton  is  $3  per  ton;  of 
the  screenings  the  value  is  from  90  cents  t^pi. 

The  thickness  of  coal  mined  at  King's  pit,  formerly  Kennedy's,  and 
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known  as  '  Rapids  coal,'  is,  as  already  stated,  thirty  inches,  made  up 
of  two  seams,  an  upper  of  twenty-four  inches,  a  three  inch  shale 
parting,  and  a  lower  of  six  inches.  The  whole  is  extracted,  and  in 
the  mining  about  two  feet  of  the  shale  roof  is  taken  out  to  ensure 
height  in  the  drifts.  The  railway  is  extended  to  touch  the  openings, 
of  which  there  are  in  all  nine,  along  the  outcrop,  but  of  all  these 
King's  mine  is  the  only  one  at  present  using  steam  for  hoisting. 

The  thickness  of  the  worked  seam  at  the  other  pits  on  this  line 
of  outcrop  varies,  those  at  the  southern  end  working  only  the  upper 
seam  which  ranges  from  eighteen  to  twenty  inches.  It  is  possible 
that  in  these  cases  the  shale  parting  has  thickened  so  that  the  lower 
seam  cannot  be  utilized,  unless  indeed  it  has  disappeared  entirely. 
In  the  vicinity  of  King's  mine,  at  Walton's,  the  seam  aggregates 
twenty-eight  inches ;  of  which  eighteen  are  good  coal ;  and  the  levels 
were  in  for  150  to  200  feet  during  last  summer,  1906,  the  daily  average 
output  being  about  twenty-five  tons.  At  Coakley's  mines  adjacent 
to  the  south  the  thickness  is  given  as  twenty-six  to  twenty-eight 
inches  with  a  parting  of  six  inches  from  the  bottom;  at  McDonald's 
the  thickness  of  coal  is  twenty  to  twenty-four  inches  of  which  twenty 
inches  are  good  coal  and  two  to  four  inches  at  bottom  are  slaty.  The 
remainder  of  this  group  of  mines  work  on  a  seam  ranging  from 
eighteen  to  twenty  inches  thick.  It  does  not  seem  to  be  established 
whether  there  is  a  lower  seam  under  this  portion  of  the  field. 

At  King's  mine  the  levels  in  August  were  driven  west  from  the 
bottom  of  the  shaft  which  had  a  depth  of  thirty  feet,  to  a  distance  of 
about  800  feet,  with  cross  drifts  every  thirty-five  feet.  The  average 
daily  shipment  is  120  tons  or  six  cars  of  twenty  tons  each  for  say 
300  days.  This  includes  the  screenings.  The  run  of  mine  coal  sells 
for  $2.35,  and  the  amount  of  screenings  is  about  35  per  cent.  The 
pay  of  the  men  is  by  the  box  raised,  at  18  cents,  nine  boxes  to  the 
chaldron  of  one  and  half  tons.  The  mines  of  this  group  work  all  the 
year. 

The  second  group  of  mines  includes  those  that  work  intermit- 
tently. In  places  the  surface,  when  not  more  than  nine  feet  deep,  is 
removed  and  the  underlying  coal  quarried  out,  but  for  a  deeper 
cover  this  is  unprofitable.  The  seam  usually  ranges  from  eighteen  to 
twenty  inches,  and  the  mines  are  worked  when  there  is  demand  for 
the  coal  or  when  the  owner  is  not  otherwise  engaged.  The  mines  of 
this  group  are  scattered  over  a  wide  area,  extending  from  Newcastle 
bridge,  and  New  Zion  on  the  Fredericton  road  on  the  west,  to 
Flower  cove  on  the  shore  of  the  lake.  Another  outcrop  which  is 
found  on  the  Little  river  about  ten  miles  west  of  Newcastle,  with  a 
thickness  of  about  fourteen  inches,  has  not  been  worked  to  any  great 
extent   Details  as  to  the  thickness  of  the  coals  in  this  district  are 
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given  in  the  report  by  Bailey  and  Matthew,  1872-73,  in  which  the 
presence  of  the  two  seams  is  clearly  indicated. 

Prior  to  the  opening  of  the  railway  to  Minto  the  annual  output 
rarely  exceeded  10,000  tons  of  run  of  mines.  With  the  improved 
plan  of  mining  and  facilities  of  shipment  this  has  increased  to 
between  40,000  and  50,000  tons  for  the  year  1906,  the  amount  in  tons 
largely  depending  on  the  possibility  of  obtaining  miners.  Were  men 
available  the  output  could  be  largely  increased,  since  there  is  practi- 
cally an  unlimited  demand  for  the  coal  as  now  prepared  for  the 
market,  and  if  a  number  of  the  principal  mines  could  be  brought 
under  one  management  there  would  certainly  be  a  marked  improve- 
ment in  many  ways  and  a  larger  percentage  of  profits. 

The  only  other  place  where  coal-mining  is  now  carried  on  in  the 
province  is  at  Beersville  in  Kent  county.  Here  a  seam  of  coal  from 
sixteen  to  eighteen  inches  thick  outcrops  on  the  banks  of  the  Coal 
branch,  a  tributary  of  the  Richibucto  river,  the  outcrops  being  about 
three  miles  apart  on  the  stream.  Mining  on  a  small  scale  by  the 
settlers  was  carried  on  here  for  some  years  and  local  supplies  of  coal 
were  thus  obtained,  but  about  six  years  ago  a  company  was  formed 
to  mine  on  the  large  scale,  a  branch  railway  of  seven  miles  was  built 
to  connect  with  the  Intercolonial  at  Adamsville,  and  the  coal  was 
gained  in  the  regular  way  by  adits  and  cross-drifts.  Two  of  these 
have  been  driven,  one  to  a  depth  of  1,300  feet,  the  other  at  the  time 
of  my  visit  (August,  1906)  700  feet  with  cross-drifts  every  twenty- 
five  feet.  The  drifts  are  run  in  from  the  bank  of  the  stream  about 
twenty-five  feet  above  water  level  and  fifty  feet  from  the  top  of  the 
cliff,  up  which  the  coal  is  hoisted  by  a  three  horse  whim  which  can 
raise  a  load  of  three  tons  up  the  incline  to  bank  head,  where  it  is 
loaded  into  cars  for  shipment  by  rail.  The  miners  receive  thirtv- 
eight  cents  per  box  of  600  pounds  for  the  mining,  and  in  the  period 
between  March  1  and  June  1,  it  is  said  that  about  3,000  tons  were 
raised  in  this  way.  The  freight  rate  to  Adamsville  is  forty  cents  per 
ton,  and  the  value  of  the  coal  at  the  station  is  $3.10.  The  capping  of 
the  seam  is  a  grey  shale,  about  three  and  a  half  feet  being  removed  In 
the  mining;  the  underlying  rock  is  a  bed  of  fire-clay  of  two  feet. 
The  miners  work  in  eight  hour  shifts  of  eight  to  ten  men  and  mine 
on  the  average  four  boxes  or  2,400  pounds  per  man.  The  price  of  the 
mining,  therefore,  is  not  very  different  from  that  at  Minto.  The  coal 
splits  readily  into  broad  flakes,  burns  freely  with  a  strong  heat  and 
makes  steam  rapidly.  The  output  is  not  screened  and  the  shipments 
to  railway  are  run  of  mine.  In  character  it  resembles  closely  that 
from  the  Grand  Lake  mines. 

At  Dunsinane  on  the  Intercolonial,  about  thirty  miles  southwest 
of  Moncton,  another  coal  basin  occurs,  separated  from  the  southern 
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margin  of  the  main  basin  by  ridges  of  Lower  Carboniferous  and  in 
places  by  igneous  rocks.  On  the  south  also  a  prominent  ridge  of 
Lower  Carboniferous  sediments  is  seen,  and  the  width  of  the  basin 
of  coal  rocks  is  about  four  miles.  Near  a  small  brook  (Stones  brook) 
the  coal  outcrops  in  a  seam  of  eighteen  to  twenty  inches  which  has 
been  opened  by  several  adits  to  a  depth  of  about  seventy-five  feet,  and 
a  number  of  tons  have  been  removed  that  resemble  in  character  the 
coal  from  the  Grand  Lake  basin.  This,  when  carefully  mined,  gives 
satisfaction. 

Some  years  ago  a  series  of  borings  was  made,  with  a  diamond 
drill,  in  this  small  basin,  one  of  which  was  carried  down  to  a  depth 
of  1,300  feet.  In  several  of  these  holes  two  seams  were  cut,  the  upper 
as  seen  in  the  drifts,  and  a  lower  of  somewhat  variable  thickness 
according  to  the  logs,  but  which  showed  a  tendency  to  approach  the 
upper  and  form  one  seam  as  in  the  case  of  the  seams  at  Minto. 
Borings  to  settle  this  point  are  now  in  contemplation  and  if  the  dip 
of  the  seams  is  constant  their  junction  should  be  a  short  distance 
north  of  Shives  siding,  in  which  case  a  seam  with  a  thickness  of  two 
and  a  half  feet  may  be  found.  If  at  a  depth  not  too  great  this  should 
be  workable,  owing  to  its  proximity  to  the  railway. 

In  view  of  a  further  possible  development  of  the  coal  industry 
in  this  province  it  is  advisable  that  a  systematic  series  of  borings  at 
well  selected  points  should  be  made,  as  was  recommended  some 
thirty  years  ago,  but  only  partially  carried  out.  For  while  there  is 
no  likelihood  of  finding  large  seams  like  those  of  Nova  Scotia,  judg- 
ing from  the  results  obtained  from  the  borings  made  at  widely  sepa- 
rated points,  it  is  quite  possible,  with  judicious  management,  to  obtain 
an  output  of  some  thousands  of  tons  of  excellent  fuel,  which  in  view 
of  the  railway  construction  now  contemplated,  should  be  able  to  meet 
fairly  well  all  local  demands,  both  for  locomotive  and  domestic  con- 
sumption, as  well  as  for  the  several  factories  located  in  St.  John  and 
Fredericton,  which  now  consume  large  quantities  of  the  slack  or 
screened  coal,  as  also  of  the  run  of  mines  output.  The  eastern  part 
of  the  province  would,  however,  probably  continue  to  derive  its  coal 
supply  to  a  large  extent  from  the  mines  of  Springhill  which  are  but 
a  few  miles  distant. 

As  regards  the  occurrence  of  anthracite  to  which  allusion  is  fre- 
quently made,  and  which  has  been  supposed  to  occur  in  quantity  at 
Lepreau  and  at  Musquash,  it  may  be  said  that  at  neither  of  these 
localities  is  the  fuel  obtained  of  sufficient  value  as  a  coal  to  warrant 
the  expenditure  of  further  capital  in  its  development.  A  large 
amount  of  money  has  already  been  expended  at  both  these  places, 
but  the  deposits  are  rather  of  the  nature  of  a  highly  carbonaceous 
shale,  and  the  so-called  coal  is  a  graphitic  carbon  yielding  a  high 
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percentage  of  ash,  (36  per  cent)  which  remains  after  the  carbonaceous 
matter  is  burned  off,  and  this  is  accomplished  only  under  a  strong 
draft.  At  both  places  all  work  was  abandoned  many  years  ego, 
and  the  workings  have  fallen  into  decay.  At  Lepreau  the  so-called 
coal  bed,  which  had  a  thickness  of  some  four  feet,  was  opened  up 
by  several  shafts  to  a  depth  of  140  feet,  while  at  Musquash  a  slope 
was  sunk  to  a  depth  of  over  300  feet  without  any  improvement  in  the 
quality  of  the  output.  Several  miles  southwest  of  Musquash  a' 
number  of  holes  were  put  down  in  this  black  shale  with  the  same 
results. 

An  analysis  of  the  coals  from  nine  of  the  pits  at  Minto  was 
furnished  by  Mr.  W.  H.  Hunter,  the  present  manager  of  the  railway 
from  Norton  to  Minto  and  is  as  follows: — 
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Analysis  of  Grand  Lake  (Minto)  coal  made  in  Department  of  Geo- 
logical Survey,  1906.    M.  F.  Connor. 


Moisture   0-46 

Vol-Combustible   35-40 

Fixed  carbon   58-54 

Ash   5-60 


100-00 

Sulphur   2-97 

Analysis  of  Dunsinane  coal  by  Mason  and  Ask  with,  Halifax,  N.S. 
Furnished  by  Mr.  John  White,  from  sample  of  No.  5  pit,  1900. 

Vol.  matter   39-20 

Fixed  carbon   55-60 

Ash   515 


100  00 
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Analysis  of  Dunsinane  coal  by  Mr.  M.  F.  Connor,  Geological 

Survey,  1906. 


Moisture   1-28 

Vol.  matter   34-18 

Fixed  carbon   49  06 

Ash   15-48 


100-00 

Sulphur   7-90 


ALBERTITE  AND  BITUMINOUS  SHALE. 

A  great  body  of  peculiar  brownish  and  dark  grey  shales  occurs 
in  Albert  and  Westmorland  counties  and  has  long  been  known 
under  the  name  of  '  Albert  shale.'  It  can  be  traced  across  the  former 
county  from  Elgin  on  the  west  through  Baltimore  and  the  Albert 
mines  and  across  the  Petitcodiac  river  to  the  vicinity  of  Dorchester. 
Westward  it  is  also  found  in  that  part  of  Kings  county  south  of  the 
Kennebecasis  valley,  but  here  the  amount  of  bituminous  matter  is 
much  less  than  in  the  eastern  portion.  These  shales  of  Albert  and 
Westmorland  are  peculiar  in  carrying  a  large  percentage  of  bitumen 
which  can  be  extracted  by  a  process  of  distillation,  and  some  forty 
years  ago  works  for  the  extraction  of  the  contained  petroleum  were 
in  operation  at  Baltimore  with  a  certain  amount  of  success  until  the 
discovery  of  the  great  oil-wells  of  Ontario  and  of  the  United  States 
so  reduced  the  price  of  the  raw  products  that  the  manipulation  of 
these  shale  beds  was  rendered  unprofitable  and  the  works  were  closed. 

These  shales  came  into  marked  prominence  many  years  ago 
through  the  finding  at  Albert  mines  of  a  great  body,  in  vein  form, 
of  the  peculiar  mineral  known  as  albertite,  at  that  time  regarded  as 
a  true  coal  occurring  under  peculiar  conditions.  This  supposition 
as  to  its  coaly  nature  was,  however,  soon  abandoned  and  the  mate* 
rial  was  regarded  as  a  highly  altered  pitch  or  bitumen.  It  was 
mined  for  more  than  twenty  years  and  yielded  in  all  over  200,000 
tons,  which  from  the  high  price  obtained,  over  $20  per  ton,  rendered 
it  for  some  years  one  of  the  great  mineral  assets  of  the  province  and 
a  source  of  great  profit  to  its  fortunate  owners.  This  vein  was  mined 
to  a  depth  of  about  1,300  feet  and  in  length  for  about  half  a  mile 
and  was  practically  exhausted  twenty-five  years  ago,  the  lower  por- 
tion changing  into  a  brecciated  mass  of  shale  cemented  by  the 
albertite  and  thinning  out  to  a  few  inches,  while  at  either  end  it 
also  became  so  thin  as  to  be  unworkable.  Though  the  deposit  was 
practically  a  hardened  bitumen  or  pitch  but  slight  traces  of  petro- 
leum were  found  throughout  the  whole  period  of  mining. 
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The  age  of  these  rocks  was  for  many  years  regarded  as  Lower 
Carboniferous.  The  detailed  study  of  the  relations  of  the  shales  to 
the  recognized  Lower  Carboniferous  formations,  comprising  lime- 
stones, gypsum  and  other  rocks,  proved  them  to  be  unconformably 
beneath  these  rocks  and  of  late  years  they  have  been  regarded  by 
all  who  have  recently  studied  these  deposits  as  belonging  to  the 
upper  part  of  the  Devonian  system. 

The  large  vein  of  mineral  has  not  entirely  been  worked  out,  and 
it  is  known  that  other  occurrences  of  a  like  nature  occur  in  this  area, 
though  probably  not  of  such  great  size.  Thus,  in  the  course  of 
mining,  it  was  found  that  the  main  vein,  which  was  the  one  followed, 
deflected  from  its  somewhat  east  and  west  course  to  a  southeast 
course  about  midway  in  the  line  of  workings.  But  recently  another 
vein,  which  at  the  surface  has  a  thickness  of  about  two  feet,  has  been 
found  starting  from  the  point  of  deflection  and  following  the  general 
direction  to  the  east.  This  small  vein  has  been  proved  to  some 
extent,  but  if  it  develops  the  same  conditions  which  affected  the  main 
vein,  which  occasionally  reached  a  thickness  of  nearly  seventeen  feet, 
it  would  seem  desirable  that  its  development  should  take  place. 

In  the  western  part  of  the  area  at  the  Albert  mines,  also,  several 
small  veins  are  known  to  occur,  with  a  thickness  in  places  of  one 
foot,  which  have  been  opened  to  a  limited  extent.  These  are  probably 
spurs  from  the  main  vein,  but  their  proximity  to  the  mass  of  crys- 
talline rocks  of  the  Caledonia  mountain  to  the  west  will  limit  their 
extension  in  this  direction.  It  is,  however,  possible  that  some  of 
these  veins  will  increase  in  size  at  certain  points  so  as  to  render 
their  mining  profitable. 

The  Albert  shales  themselves  are  of  special  interest  from  the 
amount  of  bituminous  matter  they  contain  throughout  their  whole 
extent.  They  have  a  thickness  of  over  1,000  feet,  but  the  exact 
figures  are  difficult  to  ascertain  owing  to  the  presence  of  folds  and 
faults.  As  a  series  they  are  highly  inclined,  sometimes  reaching  the 
vertical.  A  number  of  sections  were  made  at  various  points  during 
our  investigations  in  1876,  both  of  the  eastern  area  on  the  Memram- 
cook  river,  at  the  Albert  mines,  and  as  far  west  as  Elgin.  The 
same  broken  character  was  observed  throughout  and  the  amount  of 
bituminous  matter  contained  in  the  whole  body  of  shale  is  estimated 
at  from  fifteen  to  thirty  gallons  of  petroleum  per  ton. 

At  many  points  throughout  the  shale  belt  are  beds  of  a  dark, 
black  or  grey  shale  especially  rich  in  bituminous  matter.  This 
rock  has  a  woody  aspect,  breaks  with  a  conchoidal  fracture  and  on 
freah  surfaces  shows  numerous  black  streaks  resembling  hardened 
pitch.  It  has  been  found  to  contain  from  fifty  to  sixty-three  gal- 
lons of  oil  per  ton  for  the  dark  brown  varieties,  while  some  of  the 
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greyish  bands  carry  as  much  as  eighty  gallons  as  obtained  by  experi- 
mental distillation.    The  albertite  itself  yields  over  100  gallons. 

Of  these  rich  shale  bands  at  least  five  have  been  recognized,  vary- 
ing in  thickness  from  one  to  five  feet  or  even  more.  On  the  upper 
part  of  Turtle  creek,  in  western  Baltimore,  the  grey  shale  bands  are 
found  with  a  thickness  up  to  seventeen  and  twenty  feet  according 
to  measurements  by  Mr.  W.  Hall,  late  manager  of  the  Spring  Hill 
mines  in  Nova  Scotia.  Unfortunately  it  has  up  to  ti^e  present  been 
difficult  to  obtain  definite  data  as  to  the  actual  economic  value  of 
these  shales,  but  from  the  fact  that  splinters  of  this  shale  will  readily 
kindle  from  the  flame  of  a  lighted  match  they  are  undoubtedly  very 
rich  in  oil.  The  shale  has  a  low  specific  gravity  (1-50)  and  yields  a 
large  amount  of  gas  of  high  candle  power,  burning  with  a  strong  yel- 
low flame  and  with  an  intense  heat 

In  addition  to  the  several  varieties  of  oils  which  are  obtainable 
from  these  oil-shales,  the  by-products  are  of  considerable  value,  and 
should,  in  the  manufacture,  be  a  source  of  large  profit.  They  include 
paraffin  and  other  products  such  as  naptha,  benzole,  aniline  and  sul- 
phate of  ammonia.  As  a  steam  producer  it  is  claimed  that  the  shales 
(oil-bands)  give  results  equal  to  that  obtained  from  high-grade  coal 
either  bituminous  or  anthracite,  and  though  the  percentage  of  ash  is 
high  its  comparative  freedom  from  sulphur,  and  the  absence  of 
clinker  and  slagging  of  the  furnace  bars,  is  such  that  the  handling 
of  the  greater  amount  of  ash  is  less  troublesome  than  is  the  case  with 
ordinary  coals. 

From  tests  made  by  the  gas  company  at  St.  John  the  amount  of 
gas  obtained  from  the  shale  was  8,500  cubic  feet  per  ton.  Analyses 
of  the  shale  bands  have  been  made  at  the  Standard  Oil  Company's 
works  at  Bergen  point,  with  the  following  results : — the  data  obtained 
through  the  courtesy  of  Mr.  M.  Lodge,  of  Moncton,  N.B. 

Sample  of  the  oil-shale  from  Baltimore. 


Vol.  carb.  compounds   42-78 

Fixed  carb.  compounds   17-45 

Silica   20-88 

Alumina   7-91 

Iron   1-79 

Calcium  sulphate   7-56 

Magnesia   1-11 

Phos.  acid   0-84 


99-82 

Ash   39-70 
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Analysis  of  the  grey  and  black  shale  of  Baltimore  by  Ricketts  and 

Banks,  N.Y.,  1898. 

From  the  Grey  bands — 

Moisture. .  . .  . .  . 

Vol.  matter  

Fixed  carb  

Ash..  .  

Sulphur  


100  00     100  00 


110  1-54 

45-32  51-22 

1-29  3  03 

50-69  44-21 

1-70   


Analysis  of  the  Black  bands — 

Moisture   0-36  0-64 

Volatile   39-50  45-52 

Fixed  carb   3  00  5  05 

Ash   56  10  48-79 

Sulphur   1-04   


10000  10000 


From  the  known  enormous  extent  of  these  highly  bituminous 
shales,  and  their  high  percentage  of  bituminous  matter,  it  would 
appear  that  if  properly  developed  they  should  form  one  of  the  great 
mineral  assets  of  the  province.  A  comparison  with  some  of  the  simi- 
lar shales  used  for  the  manufacture  of  shale  oil  and  by-products 
in  Scotland,  Belgium,  France,  New  Zealand  and  Australia,  shows 
that,  taking  the  shale  formations  as  a  whole,  the  New  Brunswick 
deposits  are  richer  in  bituminous  matter  than  in  any  of  those 
countries  in  so  far  as  can  be  learned  from  obtainable  data.  In  all 
these  countries  the  shales  are  utilized  on  a  very  large  scale. 

Though  no  recent  data  as  to  the  production  of  oil  shale  and  oil 
are  to  hand  for  the  Scotch  industry,  information  obtained  from 
Boverton  Redwood's  volume  on  Petroleum,  1896,  furnishes  the 
returns  as  late  as  1894.  These  figures  may  be  here  given  as  bearing 
on  the  general  question  of  the  utilization  of  the  New  Brunswick 
shale  deposits  and  as  showing  the  enormous  development  the  industry 
in  Scotland  has  attained. 

In  Scotland  alone,  for  1894,  the  output  of  shale  was  1,986,383 
tons. 

The  average  output  for  the  ten  years  preceding  was  1,888,339 
tons. 
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The  annual  output  varies  somewhat  from  year  to  year.  The 
specific  gravity  of  the  shale  is  about  175;  twenty  cubic  feet  to  the 
ton. 

The  proportion  of  mineral  matter  in  the  shale  is  usually  about 
73  per  cent,  and  sometimes  as  high  as  80  per  cent.  The  various 
oil  shales  exhibit  marked  differences  in  the  yield  of  oil  and  sulphate 
of  ammonia.  The  richer  shales  yield  about  thirty  gallons  per  ton 
and  in  some  cases  as  much  as  forty  gallons,  but  the  high  yield  is 
usually  obtained  at  the  expense  of  the  solid  paraffin  and  the  quality 
of  the  heavy  oils.  The  inferior  shales  yield  about  eighteen  gallons  of 
oil  per  ton,  but  a  much  larger  amount  of  sulphate  of  ammonia,  (from 
sixty  to  seventy  pounds). 

The  total  quantity  of  crude  shale  oil  produced  in  Scotland  during 
1892  to  1894  is  as  follows;— 


Gals. 

1892    44,238,280 

1893    45,725,841 

1894    47,693,458 


Taking  the  figures  for  the  output  of  shale  for  the  latter  year: — 
the  yield  of  oil  per  ton  of  shale  is  only  twenty-four  gallons. 

The  thickness  of  the  oil-bearing  shale  bands  mined  in  Scotland, 
according  to  the  same  author,  is  as  follows  for  the  eight  principal 

Dam  or  Raeburn  shale   2 J  to  3  feet. 

Mungle  or  Stewart.   2 J  to  3  " 

The  Grey  shale,  thickness  not  stated,  thin  seams  only. 

The  Fell  shale,  richest  of  the  Scotch  shales,  produces  from  thirty- 
six  to  forty  gallons  crude  oil,  and  yields  from  eleven  to  fourteen 
pounds  amm.  sulphate  by  the  Henderson  retort  and  from  twenty-five 
to  thirty-five  pounds  by  the  Young  and  Beilby  retort. 

The  Wee,  the  Big,  the  Wild  and  the  Curly  shales,  followed  by  the 
Broxburn  shale  which  averages  five  and  a  half  feet  in  thickness,  pro- 
duce twenty-eight  to  thirty-three  gallons  oil  and  from  sixteen  to 
twenty  pounds  amm.  sulphate  by  the  first,  or  twenty-six  to  thirty-two 
by  the  latter  process. 

The  Dunnet  shale,  from  six  to  sixteen  feet  thick,  yields  from 
fifteen  to  thirty  gallons  crude  oil  per  ton. 

The  Barrack  shale,  average  thickness  of  ten  feet.  Beneath  this 
are  the  Pumpherston  shales,  which  comprise  the  Jubilee,  about  eight 
feet,  the  Maybrick  of  six  feet,  the  Curly  about  six  and  a  half  feet, 
the  Big  Plain  eight  and  a  half  feet,  the  Wee  Plain  four  and  a  half 
feet.  Of  these  the  Curly  shales  yield  ten  gallons  crude  per  ton  and 
sixty  to  seventy  pounds  amm.  sulphate;    and  the  average  yield  of 
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the  Pumpherston  shales  is  sixteen  to  twenty-two  gallons  crude  with 
twenty-five  to  thirty-five  pounds  amm.  sulphate  to  fifty  to  sixty 
pounds  according  to  the  process  employed.  The  percentage  of  con- 
tained oil  is  also  said  to  vary  considerably  in  different  parts  of  the 
workings.  Most  of  these  shales  are  now  taken  from  considerable 
depths,  some  at  least  from  1,200  feet  below  the  surface. 

It  would,  therefore,  appear  from  a  comparison  of  the  several  seams 
in  the  two  countries,  both  as  regards  quantity  of  contained  oil  and 
thickness  of  shale  beds,  as  well  as  the  facility  of  mining  in  New 
Brunswick,  that  the  latter  should  have  a  marked  advantage  as  re- 
gards general  development. 

The  thick  oil  bands  of  the  Albert  shales  are  found  in  the  eastern 
area  at  Taylorville  on  the  Memramcook  river,  from  which  place 
considerable  quantities  were  shipped  forty  or  more  years  ago  for 
distillation  under  the  old  process.  They  are  found  also  near  St. 
Joseph  college;  at  Bellevue,  on  the  east  side  of  the  Petitcodiac 
river  opposite  Hillsborough  and  at  Dover;  at  the  Albert  mines;  on 
the  east  branch  of  Turtle  creek  in  Baltimore;  and  on  the  West 
branch  two  miles  west  They  also  appear  in  the  Elgin  area  at 
Mapleton.  In  all  of  these  places  the  oil  shales  outcrop  and  can  be 
readily  mined  and  there  is  a  general  resemblance  throughout;  but 
on  the  West  branch  of  Turtle  creek  the  oil-shale  is  of  the  grey  variety 
instead  of  the  black.  At  the  Albert  mines  the  dumps  from  the  min- 
ing of  the  albertite  are  very  large,  aggregating  some  120,000  tons, 
and  these  contain  a  large  percentage  of  albertite,  which  was  thrown 
away  in  the  early  days  of  the  working,  so  that  for  distillation  there 
is  a  very  large  amount  of  very  rich  material  already  at  the  surface. 
The  locality  is  directly  on  the  line  of  railway. 

For  many  years  borings  have  been  made  on  these  shales  for  oiL 
These  have  been  sunk  principally  in  the  area  between  the  Petitcodiac 
and  Memramcook  rivers,  at  Dover  on  the  west  and  near  St  Joseph 
college  near  Memramcook.  The  first  attempt  at  boring  in  the  shales 
appears  to  have  been  made  about  fifty  years  ago,  the  exact  date  not 
being  obtainable.  The  hole  was  put  down  near  the  college,  but  though 
some  traces  of  a  black  oil  were  obtained  the  results  were  not  satis- 
factory and  the  borings  were  soon  discontinued.  Some  twenty  years 
later  other  attempts  were  made  and  several  holes  were  sunk,  some  of 
which  are  reported  as  reaching  a  depth  of  over  1,000  feet  and  one  is 
said  to  have  been  carried  down  for  2,200  feet  In  this  oil,  in  small 
quantity,  was  reported  at  1,050  feet  but  the  attempt  was  abandoned 
at  the  depth  stated  with  only  small  shows  of  oil  and  gas,  and  in  none 
of  the  holes  was  sufficient  success  met  with  to  warrant  a  con- 
tinuance of  operations.  About  six  years  ago  a  new  company  began 
a  systematic  search  in  order  to  settle  the  question  of  the  occurrence 
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of  oil  in  economic  quantity,  and  a  number  of  holes  were  bored  both 
near  the  college  and  at  Dover,  as  well  as  on  the  west  side  of  the  Petit- 
codiac  river  opposite.  The  borings  were  suspended  at  the  close  of 
1904,  in  all  some  seventy  holes  being  sunk,  of  which  about  twenty 
were  near  the  Memramcook  river,  about  forty-five  at  Dover  and 
vicinity,  and  four  or  more  in  Albert  county  opposite,  with  several 
others  whose  location  is  not  clearly  indicated,  making  a  total  of 
seventy-six  wells. 

Most  of  these  were  sunk  to  depths  of  500  to  800  feet,  but  one 
near  Dover  was  carried  down  to  a  depth  of  3,000  feet.  While  many 
of  the  wells  proved  to  be  barren,  quite  a  number  have  produced  oil 
in  small  quantity.  Of  those  near  the  college  practically  50  per  cent 
are  producers  on  a  small  scale,  and  are  being  pumped  at  intervals 
from  a  central  station.  The  yield  is  exhausted  in  about  four  to  five 
hours,  and  the  amount  obtained  from  the  pumping  is  said  to  be 
about  nine  barrels  weekly  from  eleven  wells,  but  this  contains  a 
certain  amount  of  water  also.  In  the  Dover  area  twenty-one  wells 
are  pumped  for  six  days  in  the  week  with  a  stated  pumping  average 
of  sixty  barrels  of  thirty-five  gallons  capacity  monthly.  Here  also 
the  flow  ceases  in  about  five  hours,  the  contents  of  the  wells  being 
then  exhausted.  In  the  deep  boring  neither  oil  nor  water  is  said  to 
have  been  found. 

It  will  be  seen  from  these  results  that  the  amount  of  oil  as  yet 
obtained  is  insufficient  to  pay  the  cost'  of  extraction.  From  a  study 
of  the  shales  it  is  difficult  to  find  sufficient  data  to  warrant  the  state- 
ment that  they  will  ever  become  great  producers  of  oil  by  boring. 
The  fact,  clearly  established,  that  the  whole  body  of  the  shales,  with 
their  interstratified  hard  bands  of  sandstone  and  thin  limestone,  is 
highly  tilted  and  faulted  is  opposed  to  this  supposition  of  a  great 
producing  oil-area,  and  the  conditions  are  entirely  different  from 
that  found  in  all  the  producing  oil  fields  of  the  world.  The  finding 
of  small  quantities  of  oil  in  some  of  the  wells  may  be  explained  by 
the  hypothesis  that  such  oils  reach  the  boreholes  through  lines  of 
fault  or  by  seepage  in  some  way,  since  in  none  of  these  has  there  yet 
been  found  any  indication  of  a  subterranean  oil  reservoir,  nor  is  it 
reasonable  to  suppose  that  in  so  broken  a  mass  of  sediment  such  a 
reservoir  can  exist  which  might  ensure  a  permanent  and  large  supply. 

In  this  respect  these  shales  are  similar  to  the  rocks  found  in  the 
great  so-called  oil-basin  of-  Qasp6,  where  hundreds  of  thousands  of 
dollars  have  been  spent  during  the  last  twenty  years  and  many  holes 
have  been  bored  over  a  large  area,  some  of  which  reached  a  depth  of 
3,700  feet.  As  in  New  Brunswick,  small  quantities  of  oil  were  ob- 
tained by  pumping  from  some  of  the  holes,  but  after  a  short  time  the 
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production  of  the  oil  ceased.  These  Gasp4  explorations  ended  several 
years  ago.  Here  also  the  strata  while  practically  of  the  same  horizon 
as  those  of  New  Brunswick  or  Upper  Devonian,  were  tilted  and 
faulted,  and  there  were  a  number  of  well  defined  oil  springs  which 
were  found  near  the  line  of  the  faults.  Similar  experiences  were  met 
with  in  similar  borings  near  Lake  Ainslie  in  Cape  Breton  and  in 
Newfoundland  on  the  west  coast 

Of  most  of  these  borings  no  log  has  been  furnished  this  Depart- 
ment and  the  thickness  of  the  shale  formation  cannot  therefore  be 
indicated,  but  in  some  of  the  earlier  holes  it  would  appear  that 
the  drill  passed  through  the  bituminous  shales  and  reached  a  series 
of  red  rocks  at  a  depth  of  550  feet,  especially  in  a  well  bored  a  mile 
north  of  St.  Joseph  college,  so  that  in  this  case  probably  the  under- 
lying red  beds  of  the  Devonian  were  reached.  In  regard  to  the  deep 
well  no  log  is  available  and  it  cannot  be  said  what  were  the  bottom 
rocks.  Quite  recently  a  new  series  of  borings  has  been  commenced 
in  the  Dover  area. 

GRAPHITE. 

This  mineral  exists  in  but  small  quantity  in  the  province  as  com- 
pared with  the  large  areas  of  graphite  bearing  rocks  which  occur  in 
Ontario  and  Quebec.  Its  occurrence  as  graphitic  shale  associated 
with  crystalline  limestone  and  diorite,  near  the  Suspension  bridge 
over  the  St.  John  river  in  St  John  city,  has  been  long  known,  and 
mining  has  been  carried  on  at  intervals  for  a  number  of  years. 
While  the  separated  graphite  was  not  of  the  best  quality,  it  was 
found  to  be  suited  for  foundry  facings,  but  the  industry  has  never 
assumed  large  proportions,  owing,  probably,  to  the  limited  extent  of 
the  deposit.  An  analysis  of  the  mineral  made  in  this  Department 
from  samples  obtained  in  1878  gave  as  follows : — 

Graphitic  carbon   48-775 

Rock  matter   50  058 

Hygroscopic  water   1167 


100  000 

At  present  mining  has  been  discontinued  at  the  original  spot, 
but  another  outcrop  occurs  in  a  limestone  cutting  with  shales  along 
the  Bide  of  Douglas  avenue  about  a  fourth  of  a  mile  east  of  the 
bridge,  from  which  a  small  quantity  of  the  shale  has  been  taken. 

The  presence  of  this  graphite  deposit  was  first  recorded  by  Dr.  A. 
Gesner  in  1840.  Some  years  after  mining  was  commenced,  and  in 
1853,  it  is  reported  (M.  H.  Perley)  that  89,936  pounds  were  exported, 


Digitized  by  GoogI 


MINERAL  RESOURCES 


115 


but  the  mine  evidently  closed  down  shortly  after  that  date.  It  was 
reopened  again  in  1868  by  Mr.  Garrett,  and  the  return  of  output 
for  1869  taken  from  the  statistics  in  the  Geological  Survey  report  for 
1871-72  is  6,000  barrels,  valued  at  $12,000.  No  further  returns  were 
received  from  this  property  and  mining  seems  to  have  been  suspended 
for  a  time. 

From  Professor  Bailey's  report  on  the  Mineral  Resources  of  New 
Brunswick,  1897,  it  would  appear  that  mining  operations  were 
resumed  for  a  short  time.  A  little  later,  probably  about  1872,  work 
was  again  commenced  on  this  property,  by  Mr.  S.  S.  Mayer,  of  Carle- 
ton,  at  a  point  about  600  yards  east  of  the  river,  on  the  land  of 
Messrs.  Hazen  and  A.  E.  Botsford,  but  after  the  extraction  of  a  few 
tons  the  location  was  sold  to  parties  in  the  United  States.  The  works 
were  closed  down  shortly  after,  but  later  another  attempt  was  made 
by  Mr.  W.  F.  Best  and  others  to  revive  the  industry,  at  a  point  about 
200  feet  east  of  the  Mayer  location.  At  this  place  the  graphite  was 
concealed  at  the  surface,  but  on  sinking  a  shaft  it  was  struck  in 
small  quantity,  showing  at  a  depth  of  about  fifteen  feet.  This  area 
was  regarded  as  a  continuation  of  the  deposit  seen  on  the  Mayer 
place,  and  the  graphite  is  reported  by  Mr.  H.  Brumell,  at  that  time 
on  the  Geological  Survey  staff,  who  examined  the  district  in  1890,  as 
occurring  at  the  contact  of  crystalline  limestone  with  a  trap  dike. 
Where  first  struck,  at  eight  feet  from  the  surface,  the  bed  of  graphitic 
shale  had  a  thickness  of  only  about  two  inches,  but  this  rapidly 
increased  and  in  the  shaft  it  reached  a  width  of  eight  to  ten  feet  at 
a  depth  of  fifty  feet.  A  mass  of  trap  with  a  thickness  of  two  feet, 
which  extended  for  fifty  feet  along  the  deposit,  was  struck  at  a  depth 
of  thirty  feet  from  the  surface.  The  dip  of  the  hanging  wall  is  to 
the  south  at  an  angle  of  55  degrees.  The  graphite  is  associated  in 
places  with  pyrite  which  breaks  away  readily  and  leaves  the  graphite 
comparatively  pure.  The  output  is  said  to  have  found  a  ready 
market  at  $7  per  ton. 

Small  deposits  of  graphitic  shales  are  found  in  Pisarinco  penin- 
sula, one  at  Mill  creek  on  the  east  side  which  is  worked  to  a  small 
extent,  the  other  near  the  mouth  of  Frenchman  creek  on  the  east 
side  of  Musquash  harbour.  At  Little  Lepreau,  also,  on  the  north  side 
of  Belas  basin,  graphitic  shales  occur  which  were  at  one  time  mined 
for  fuel  but  which  seem  better  fitted  for  some  of  the  uses  of  graphite, 
resembling  similar  deposits  in  Massachusetts,  where  they  are  utilized 
for  this  purpose.  Similar  shales  are  found  at  Musquash  on  the 
property  of  Mr.  Clinch. 

A  deposit  of  graphitic  shales  on  Thorne  brook  in  northern  Kings 
county  was  opened  some  years  ago,  but  was  soon  after  abandoned. 

M41-8J 
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Other  occurrences  have  been  noted  in  Charlotte  county,  but  of  these 
none  have  ever  been  utilized  and  it  is  doubtful  if  they  would  repay 
the  cost  of  mining. 

PEAT. 

Peat  is  found  in  large  bogs  at  many  places  throughout  the  pro- 
vince from  north  to  south.  They  have  been  specially  studied  by 
Drs.  R.  Chalmers  and  W.  F.  Ganong.  No  attempt  has  apparently 
ever  been  made  to  utilize  these  bogs  as  a  fuel  supply,  but  some  years 
ago  a  bog  situated  near  Spruce  lake,  a  few  miles  west  of  St.  John 
city,  was  opened  up  by  Mr.  W.  F.  Todd  of  St.  Stephen,  preparatory  to 
the  manufacture  of  moss  litter  for  which  it  was  well  suited.  After 
a  series  of  experiments  a  plant  was  put  in  operation  which  is  said  to 
have  manufactured  the  raw  peat  moss  from  its  original  state,  satu- 
rated with  water,  into  a  high  grade  finished  article  of  litter  in  a  few 
hours,  but  unfortunately  the  buildings  were  destroyed  by  fire  in  1S95 
and  the  industry  has  never  been  revived. 

In  Ontario  and  Quebec  experiments  have  been  carried  on  for  a 
number  of  years  to  manufacture  the  peat  underlying  the  surface 
moss  into  a  compressed  fuel  in  the  form  of  briquettes.  These  efforts 
have  been  attended  with  a  certain  amount  of  success,  and  the  de- 
mand for  the  finished  product  is  in  excess  of  the  available  supply. 
As  yet,  however,  the  industry  has  not  assumed  large  proportions; 
but  it  is  doubtful,  in  view  of  the  supplies  of  coal  from  the  mines 
of  New  Brunswick  and  of  Nova  Scotia,  whether  the  manufacture 
of  peat  fuel  in  these  provinces  will  ever  reach  sufficient  proportions 
to  make  it  a  competitor  with  the  supplies  of  coal  proper.  Lists  of 
the  bogs  in  New  Brunswick  are  given  in  the  Report  by  Dr.  Chal- 
mers, Q.S.C.,  Vol  HI,  1887-88. 

LIME8T0NE. 

Limestone  is  found  at  many  widely  separated  points  throughout 
the  province.  Owing  to  the  limited  local  demand  and  the  practically 
prohibitive  duty  against  the  import  of  the  manufactured  article  into 
the  United  States,  the  industry,  which  some  years  ago  reached  large 
proportions  from  the  burning  of  lime  around  the  city  of  St.  John, 
has  languished, '  although  the  occurrence  of  limestone  of  excellent 
quality  and  in  large  areas  around  that  city  presents  admirable  facili- 
ties for  the  manufacture  of  the  finished  article  at  the  lowest  possible 
cost  of  production.  The  importance  of  this  industry  can  be  seen 
from  the  statement  o{  the  figures  for  export  at  different  dates.  Thus 
in  1881  the  number  of  barrels  shipped  to  United  States  ports  was 
onl*  3,644  of  the  value  of  $1,822,  while  in  1890  it  amounted  to 
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286,584  barrels  valued  at  $143,292.  Since  then  the  industry  has 
declined,  the  value  for  1897  being  only  $15,634.  The  figures  of  pro- 
duction for  the  last  few  years  are  not  available  in  this  Department. 
The  great  competitor  with  the  St.  John  line  in  the  United  States 
market  is  Rockland  on  the  east  coast  of  Maine. 

At  present  the  principal  quarries  are  operated  near  St.  John  and 
owned  by  Stetson  and  Cutler,  Purdy  and  Green  and  by  W.  Lawlor 
and  Son,  the  last  at  Brockville.  Of  other  quarries  once  in  operation, 
but  at  present  closed  down,  are  Messrs.  I  and  F.  Armstrong  on  Green 
head,  first  opened  in  1828;  Miller  and  Woodman,  Green  head;  W. 
D.  Morrow,  Narrows  of  St.  John  river;  and  Mr.  Stevens  of  South 
bay. 

A  peculiarity  observed  in  all  these  quarries  is  the  large  number 
of  dikes  of  epidotic  green  diabase  which  cut  the  limestone  in  all 
directions  and  often  seriously  interfere  with  the  quarrying.  Some 
of  the  larger  dikes  have  masses  of  the  limestone  caught  in  the 
igneous  mass,  and  the  alteration  of  the  limestone  is  most  pronounced 
as  the  dike  is  approached. 

Analyses  of  the  limestone  from  several  of  these  quarries  have 
been  made  by  Dr.  Hoffmann  of  this  Department  with  the  following 
results : — 

The  quality  of  stone  is  excellent  throughout. 


Bock  a  dark  bluish-grey,  fine  crystalline,  massive,  holding  occas- 
ional specks  of  iron  pyrite:  after  drying  at  100  C, — Hygroscopic 
water  =  0- 09  per  cent. 


J  and  F.  Armstrongs'  quarry,  Oreen  head. 


Carb.  lime. .  . . 
Carb.  magnesia. 
Carb.  iron. .  . . 

Alumina  

Sol.  silica  

Insol.  min.  mat 
Organic  matter. 


Oil 

016  4-27 

3-54 

0-46 


05-60 
0-44 
013 


100-44 
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Limestone  from  8tetson  quarry,  Indiantown. 

Light  and  dark  bluish-grey,  banded,  somewhat  coarsely  crystalline 
and  massive;   after  drying  at  100  C,  Hygroscopic  water  =  0  04. 


Carb.  lime   99  05 

Carb.  magnesia   0-88 

Carb.  iron   0-13 

Alumina   0  01 

Silica  soluble   0-9  0-26 

Insoluble  mineral  matter   014 

Organic  matter   0  02 


100-24 


W.  Lawlor  and  Son's  quarry,  Brookville. 

Bluish-grey,  somewhat  coarse  crystalline,  massive. 
After  drying  as  before — 


Carb.  lime   98-39 

Carb.  magnesia   0-71 

Carb.  iron   0  05 

Alumina. .   0-02 

Silica  soluble   0  04     1  19 

Insol.  min.  matter   0-82 

Organic  matter   0-31 


100-34 


Crystalline  limestone  is  also  found  in  Pisarinco  peninsula,  on 
the  east  side  along  the  shore  to  the  south  of  Spruce  lake  and  on  the 
west  side  from  Frenchman  creek  to  Black  beach.  At  this  latter  place 
the  quantity  is  large,  the  quality  excellent,  and  there  are  good  shipping 
facilities,  which  would  obviate  the  hauling  necessary  for  much  of 
the  St.  John  lime.  Abundance  of  wood  for  burning  is  found  in  the 
immediate  vicinity.  Farther  west,  crystalline  limestone  occurs  on 
the  south  side  of  Be  las  basin,  Lepreau,  and  in  rear  of  Musquash 
village,  but  the  outcrops  in  both  these  places  are  local  and  the  forma- 
tion cannot  be  traced  far  across  country. 

Other  limestones,  sometimes  crystalline,  are  found  in  several 
geological  formations.    They  have  occasionally  been  utilized  locally. 
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The  largest  of  these  so  utilized  is  in  Carleton  county  in  Brighton, 
of  Silurian  age,  which  has  been  burned  to  some  extent.  In  Albert 
county  the  Lower  Carboniferous  limestones  were  at  one  time  burned 
for  lime  quite  extensively,  but  though  furnishing  a  good  quality 
of  the  burned  material  the  competition  with  the  large  kilns  of  St. 
John  was  against  the  continuance  of  the  industry.  Some  of  these 
Albert  limestones  are  highly  bituminous  and  it  has  been  suggested 
that  they  might  be  used  in  the  matter  of  sidewalk  construction  in 
towns.   No  attempt  has  ever  been  made  in  this  direction. 

GYPSUM. 

The  quarrying,  calcining  and  export  of  gypsum  is  at  present 
one  of  the  leading  industries  in  the  province.  The  principal  works 
and  quarries  now  operated  are  situated  at  or  near  Hillsborough,  in 
Albert  county,  a  short  distance  from  transport  by  the  Petitcodiac 
river  and  by  rail  communication  on  the  Salisbury  and  Harvey 
railway. 

The  raw  material  is  found  in  great  abundance  as  a  part  of  the 
Lower  Carboniferous  formation  both  in  this  province  and  in  Nova 
Scotia.  Both  the  hydrous  and  anhydrous  varieties  occur,  the  latter, 
however,  being  of  but  small  commercial  value  at  the  present  time. 
The  gypsum  beds  are  usually  found  overlying  a  series  of  red  con- 
glomerates and  limestone  and  are  usually  overlain  by,  and  sometimes 
contain,  beds  of  red  marly  shales.  It  varies  in  quality  greatly, 
sometimes  being  white  and  clear,  translucent,  in  which  case  it  is 
styled  alabaster;  at  other  places  it  is  crystallized  in  the  form  of 
selenite;  sometimes  it  is  deeply  coloured,  reddish  or  dark  grey.  The 
gypsum,  while  ordinarily  massive,  sometimes  presents  a  well-banded 
or  stratified  appearance,  lying  in  nearly  horizontal  beds  of  various 
colours  and  of  varying  thickness  and  purity,  and  the  prevalent  tints 
being  white  or  grey.  The  so-called  soft  plaster  alternates  in  the 
quarry  with  beds  of  the  anhydrous  variety,  the  contact  between 
the  two  being  usually  sharp,  and  this  necessarily  adds  greatly 
to  the  cost  of  extraction;  while  frequently  the  deposits  are 
covered  with  heavy  masses  of  red  clay  and  soil  which  have 
to  be  removed  in  tho  mining.  This  alteration  of  soft  or 
hydrous  and  hard  or  anhydrous  plaster  in  the  same  beds  is  some- 
what difficult  of  explanation,  the  transition  being  often  so  sharply 
defined.  The  former  by  analysis  contains  calcium  32-5,  sulphuric 
acid  46*6,  water  20-9,  but  the  mineral  is  often  quite  impure  owing  to 
the  presence  of  organic  matter,  clayey  material,  iron  compounds 
and  the  carbonates  of  lime  and  magnesia.  The  different  colours 
seen  in  rock  plaster  are  apparently  due  in  large  measure  to  these 
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impurities.  The  hardness  is  1*5  to  2  0,  being  easily  scratched  with 
the  finger  nail,  thus  distinguishing  it  from  certain  forms  of  lime- 
stone. Anhydrate  has  the  same  chemical  composition  except  that  it 
contains  no  water  of  crystallization  and  by  the  absorption  of  water 
this  variety  changes  to  the  soft  or  hydrous  variety;  it  i9  probably 
in  this  process  of  water  absorption  in  nature  that  the  alteration 
of  tho  hard  plaster  to  the  soft  is  accomplished.  Gypsum  is  also 
frequently  associated  with  rock  salt,  and  while  this  association  has 
not  been  clearly  recognized  at  any  of  the  quarries  worked  in  Albert 
county,  the  presence  of  salt  springs  which  are  found  in  the  Kenne- 
becasis  valley,  where  they  have  been  utilized  for  the  manufacture  of 
salt,  is  recognized  in  close  proximity  to  well-known  gypsum  deposits 
which  outcrop  in  this  area. 

Gypsum  may  be  formed  in  two  ways,  either  by  the  action  of  sul- 
phuric acid  or  carbonate  of  lime,  as  is  done  in  the  laboratory,  or 
by  being  deposited  by  evaporation.  The  Hillsborough  deposits, 
according  to  the  late  Sir  William  Dawson,  have  been  produced  by 
tho  former  method  *  Limestone  iB  very  abundant  in  the  Lower 
Carboniferous  formation,  and  the  sulphur  could  be  derived  either  by 
the  decomposition  of  iron  pyrites  or  the  decay  of  organic  matter. 
On  the  other  hand,  the  beds  are  usually  interstratified  with  shales, 
sandstone  and  limestone  which  have  been  deposited  in  arms  of  the 
sea  or  in  lake  basins.  The  water,  with  salt  and  gypseous  matter  in 
solution,  has,  owing  to  evaporation,  reached  a  sufficient  degree  of 
concentration  to  prevent  the  growth  of  organisms,  since  traces  of 
these  are  rarely  found  in  the  gypsiferous  formations,  while  the  pre- 
sence of  iron  oxide  usually  imparts  a  red  colour.  Thus  in  process  of 
time  the  gypseous  matter  has  formed  beds  of  plaster  sometimes  of 
great  thickness. 

Analysis  of  the  plaster  from  the  Hillsborough  quarries  made  by 
A.  A.  Breneman,  N.Y.,  is  as  follows : — 


Lime   32-45 

Sulphuric  acid   46-38 

Water   21  05 

Silica   0-25 

Iron   trace 

Magnesia   trace 


The  Hillsborough  deposits  were  known  and  worked  to  some  extent 
sixty  years  ago,  but  in  1854  the  quarries  in  rear  of  the  village  were 
acquired  by  Mr.  C.  Tompkins  and  the  shipment  of  the  raw  material 
to  the  mills  in  New  Jersey  was  commenced.  Later,  a  milling  plant 
for  calcining  the  crude  output  was  erected  near  the  point  of 

•  See  "  Gypsum  Deposits  of  New  Bruns  wick,"  by  L.  W.  Bailey, 
Roy.  Soc.  Can.  Trans.  1906. 
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shipment  on  the  Petitcodiac  river,  and  the  manufacture  of  plaster 
of  Paris  was  carried  on  there.  For  some  years  the  output  as 
excluded  from  the  markets  of  Ontario  and  Quebec,  owing  to  the 
cost  of  transportation,  but  the  opening  up  of  the  Intercolonial  rail- 
way in  1876  allowed  access  to  these  provinces  and  a  very  large  busi- 
ness is  now  carried  on  in  this  direction.  Great  quantities  of  the 
crude  are  still  sent  to  the  United  States  from  Hillsborough  in  addi- 
tion to  the  shipments  of  prepared  plaster.  Some  idea  of  the  growth 
of  the  industry  may  be  obtained  from  the  following  figures,  furnished 
by  Mr.  C.  J.  Osman,  the  managing  director  of  the  Albert  Manufac- 
turing Company.  Thus,  in  1877,  the  total  sales  in  Canada  were  about 
8,000  barrels,  while  in  1897  the  Canadian  trade  had  increased  to  38,000 
barrels;  the  shipments  of  crude  gypsum  to  the  United  States  in- 
creased from  5,000  barrels  in  1877  to  59,334  in  1897  and  in  1905  the 
figures  were,  mined  137,551  tons,  for  calcining  15,000  tons;  the 
balance  of  122,551  being  shipped  as  crude. 

Up  to  the  present  time  the  anhydrite  has  but  little  commercial 
value,  being  unsuitable  for  the  manufacture  of  plaster  of  Paris.  A 
certain  amount  is  ground,  however,  and  used,  under  the  name  of 
'terra  alba,'  as  a  paper  filler.  It  is  equally  adapted  for  land  plaster 
as  a  fertilizer  as  the  hydrous  variety,  and  considerable  quantities  are 
now  exported  from  the  quarries  in  Nova  Scotia,  presumably  for  this 
purpose. 

The  price  of  crude  gypsum  delivered  at  the  wharf  in  Hillsborough 
varies.  For  the  lower  grades,  suitable  for  land  plaster,  including 
the  discoloured  rock,  the  price  is  60  cents  per  ton;  while  for  the 
higher  grades  used  for  the  manufacture  of  calcined  plaster  it  ranges 
from  $1  to  $2,  and  for  the  selected  grades  $2.50  per  ton  *  The 
quarries  at  Hillsborough  are  connected  by  steam  road  with  the 
plaster  mill  and  with  the  wharf  at  the  Petitcodiac  river. 

Other  large  deposits  of  gypsum  occur  in  Albert  county,  several 
of  which  are  quarried.  The  Hillsborough  Plaster  Company  located 
on  Demoiselle  creek  took  out  about  5,000  tons  in  1905,  of  excellent 
quality,  and  other  quarries  in  the  southern  part  of  the  county,  as 
at  Hopewell  hill  and  Shepody  mountain,  have  also  been  worked  to 
some  extent,  but  the  figures  of  output  are  not  to  hand.  Plaster  also 
occurs  in  New  Horton  but  has  not  as  yet  been  opened  up  to  any 
considerable  extent. 

The  Albert  Manufacturing  Company  is  also  opening  additional 
deposits,  one  at  Pink  ledge,  about  one  mile  north  of  the  end  of  Cape 
Maringouin  on  the  east  side  of  Shepody  bay,  where  there  is  a  deposit 
of  large  size  and  excellent  quality  from  which  shipments  have  already 


*  Much  of  this  information  is  taken  from  an  excellent  article  prepared 
by  Mr.  Osman  for  Dr.  Bailey's  report,  1899. 
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been  made,  and  also  on  a  deposit  occurring  at  Martin  head  on  the 
shore  of  the  Bay  of  Fundy  in  eastern  St.  John  county.  In  West- 
morland county,  two  and  a  half  miles  west  of  Petitcodiac  station, 
a  deposit  of  gypsum,  said  to  be  forty  rods  in  width  and  traceable  for 
one  mile,  is  found,  in  which  a  body  of  selenite  occurs  with  a  breadth 
of  eight  feet.  This  is  also  controlled  by  the  Albert  Manufacturing 
Company,  but  has  never  been  largely  mined.  In  Kings  county 
quite  extensive  deposits  are  found  near  Sussex  and  in  Upham  near 
the  road  from  Sussex  to  Quaco,  from  which  about  600  tons  were 
quarried  during  1905. 

In  Victoria  county,  at  Plaster  Rock,  heavy  beds  of  somewhat  im- 
pure gypsum  associated  with  shales  of  the  Lower  Carboniferous 
formation  occur.  These  are  now  connected  by  rail  with  the  Canadian 
Pacific  railway  along  the  St.  John  valley.  The  mineral  is  well 
adapted  for  land  plaster,  and  a  mill  has  been  erected  in  which  it  is 
ground  and  thence  shipped  in  considerable  quantity  to  the  farms 
along  the  St.  John  river,  as  well  as  to  Aroostook  in  Maine  where  it 
is  highly  esteemed  as  a  fertilizer.  During  the  season  of  1906  work 
at  these  quarries  was  mostly  suspended. 

The  total  shipments  of  plaster  from  the  province  for  1905  aggre- 
gated 146,030  long  tons  in  crude  and  manufactured,  of  a  value  of 
$232,586.  Of  these  Plaster  Rock  shipped  819  tons,  part  of  which 
was  ground,  the  whole  being  used  for  land  plaster. 

One  large  element  of  expense  in  quarrying  the  plaster  at  certain 
places  is  the  very  heavy  body  of  red  clay  which  frequently  overlies 
the  mineral,  and  which  is  often  allowed  to  fall  into  the  pit  instead  of 
being  removed  by  stripping  before  quarrying.  This  would  seem  to 
be  an  expensive  way  of  removing  such  large  masses  of  waste  material. 
Another  large  item  of  expense  in  some  of  the  quarries  is  the  large 
percentage  of  anyhydrite  which  is  practically  of  no  value. 

Granite,  diorite,  &c.,  occur  over  large  areas  and  have  been 
quarried  for  building  stone,  monumental  work,  Ac.,  for  more  than 
thirty-five  years. 

GRANITE,  kC. 

Of  the  granites,  both  red  and  grey  and  the  so-called  black  varie- 
ties occur.  In  age  these  are  comparatively  recent,  since  in  many 
cases  they  cut  rocks  as  new  as  the  Devonian  sediments,  corresponding 
in  this  respect  with  certain  similar  granitic  rocks  of  Nova  Scotia. 

Among  the  largest  of  these  granite  masses  is  that  found  in 
Charlotte  county,  which  extends  across  the  county  from  the  St. 
Croix  river  northeast  almost  to  the  St.  John  river.  The  rock  is 
generally  red,  but  sometimes  passes  into  grey.  In  different  parts 
of  the  area  are  large  masses  of  the  black  variety  which  is  in  reality  a 
mica-diorite.  This  is  found  in  the  western  area  north  of  Bocabec, 
near  the  Magaguadavic  river;  and  eastward  near  Welsford  on  the 
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of  the  Canadian  Pacific  railway.  This  rock  consists  of  labra- 
dor  feldspar  and  hornblende  with  some  magnetic  iron;  it  takes  a 
good  polish,  is  very  hard  and  tough,  and  is  as  a  consequence  a  more 
difficult  rock  to  dress  and  to  finish  properly. 

The  principal  granite  quarries  in  the  province  are  situated  near 
the  village  of  St  George  in  Charlotte  county  and  along  the  Maga- 
guadavic  river  for  some  miles  north.  The  principal  quarries  at 
present  in  operation  are  owned  by: — 

Milne,  Coutta  and  Company. 

Epps,  Dodds  and  Company. 

O'Brian  and  Baldwin. 

Tayte,  Meeting  and  Company. 

Utopia  Granite  Works  (H.  McGrattan  and  Son). 

Messenette  and  MacDougall. 

The  granite  industry  at  this  place  was  begun  in  1872,  by  a  New 
York  company,  and  a  plant  for  cutting  and  polishing  was  erected, 
which,  however,  in  .a  few  years,  suspended  work.  Subsequently 
(1881),  Milne,  Coutts  and  Company  acquired  this  plant  and  have 
continued  the  business  to  the  present  time.  Exceptional  facilities 
are  afforded  here  for  the  manufacture  of  the  stone  owing  to  the 
supply  of  water  for  power  furnished  by  the  falls  on  the  river,  and 
the  rough  material  can  be  brought  from  the  quarries  to  the  mills, 
either  by  scows  down  the  Magaguadavic  river  or^by  teams. 

The  amount  of  rough  stone  produced  at  these  quarries  varies 
according  to  the  demand.  There  is  also  a  certain  amount  of  stone 
known  as  '  black  granite '  brought  from  outlying  points  and  at  the 
works  blocks  of  grey  stone  from  the  St.  John  River  quarries  (Spoon 
island)  are  dressed  and  polished. 

The  Spoon  Island  quarries  are  in  a  spur  of  granite  which  comes 
to  the  St.  John  river  about  three  miles  south  of  the  village  of  Hamp- 
stead,  opposite  the  lower  end  of  Spoon  island.  The  stone  is  a  grey 
granite  of  excellent  quality,  and  two  firms  are  here  engaged  in 
quarrying,  viz.:  Allan  Appleby  and  D.  Mooney  and  Son.  The 
output  during  the  past  season  was  about  2,500  tons. 

Of  the  'black  granite*  the  output  from  the  quarries  near  Boca- 
bec  in  1905  was  about  ninety  tons. 

In  the  York  County  belt,  opposite  the  mouth  of  the  Sheogomoc 
river,  are  the  works  of  the  Southampton  Marble  and  Granito  Com- 
pany (Oldham  Bros.).  The  output  for  some  years  has  been  used 
largely  for  monumental  work,  but  no  returns  havo  been  received  by 
this  Department.  In  the  northern  part  of  the  province  no  granite 
quarries  are  now  operated,  though  a  good  quality  of  rock  is  found  at 
several  places,  as  along  the  lower  part  of  the  Nipisiguit  river. 
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Among  other  rock  formations  suited  for  stone  as  ornamental 
work  but  small  indications  have  as  yet  been  found  in  the  province. 
Tho  crystalline  limestone  of  St.  John  does  not  appear  to  be  very 
well  adapted  either  for  building  or  decorative  work,  while  the  small 
portions  which  are  slighly  scrpentinous  are  equally  unsatisfactory. 
In  Ontario  and  Quebec,  where  serpentinous  limestone  and  breccia 
occur  in  large  quantity,  but  little  use  has  over  been  made  of  them. 
The  serpentine  of  Pisarinco,  which  has  sometimes  been  alluded  to. 
has  been  worked  out,  it  consisting  merely  of  a  pockety  deposit  with 
small  threads  of  crysotile.  That  of  Frye  island  and  of  Musquash  is 
usually  too  much  shattered  to  furnish  blocks  of  large  size,  and  is 
better  adapted  for  lime  burning,  while  the  felsite  of  Chamcook,  while 
furnishing  beautiful  hand  specimens  that  take  a  fine  polish,  can- 
not be  obtained  in  blocks  of  sire  sufficient  for  decorative  purposes. 

FREESTONE,  MILLSTONE  AND  GRINDSTONE. 

The  great  extent  of  the  Millstone-grit  formation  in  this  province, 
with  its  widespread  formations  of  sandstone  and  grit,  furnishes  an 
abundance  of  material  for  building  and  other  purposes.  At  many 
places  the  quality  of  the  stone,  usually  grey,  is  eminently  adapted 
for  building  material,  for  which  purpose  very  large  quantities  have 
been  quarried  and  extensively  shipped,  as  well  as  used  locally.  Some 
of  the  grey  beds  have  a  fine  grit  that  especially  adapts  them  for 
use  as  grindstones  either  for  metal  or  for  pulp  wood. 

For  years  a  number  of  these  quarries  were  in  operation  in  south- 
east New  Brunswick  in  the  counties  of  Albert  and  Westmorland- 
Much  of  the  grindstone  was  taken  from  ledges  on  the  beach  which 
were  exposed  at  low  water,  the  great  rise  and  fall  of  the  tides  on  this 
part  of  the  coast,  from  forty  to  fifty  feet,  rendering  it  possible  to 
extract  the  stone  and  then  to  float  it  to  high  water  mark  as  the  tide 
came  in.  At  the  extensive  quarries  on  Grindstone  island,  and  at 
Mary  point,  both  grindstone  and  building  stone  were  quarried  on  a 
large  scale  some  thirty-five  to  fifty  years  ago.  On  the  mainland  at 
the  Budreau  and  Eockland  quarries  large  quantities  were  raised  for 
both  purposes  but  the  large  amount  of  waste  and  the  increased  cost 
of  extraction  became  such  that  they  have  both  closed  down  for  the 
present,  and  with  the  exception  of  a  few  grindstones,  which  are  taken 
out  at  Rockland,  no  work  is  now  being  done  at  either  of  these  locali- 
ties. At  the  present  time  the  only  quarries  working  in  eastern  New 
Brunswick  are  in  Westmorland  county  at  Sackville  and  at  Woods 
point  about  three  miles  south.  The  beds  which  lie  nearly  horizontal 
are  composed  of  a  brownish  sandstone  of  Upper  or  Permo-Carboni- 
ferous  age.    Mills  have  been  erected  at  both  places  for  sawing  and 
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•dressing  the  stone.  At  Sackville  the  output  is  a  beautiful  stone 
largely  used  for  building  purposes  and  occurring  in  blocks  of  any 
required  size.  The  quarry  is  owned  by  Mr.  Charles  Pickard  and 
turned  out,  last  season,  about  3,000  gross  tons,  valued  at  $12,000, 
besides  1,000  tons  rubble.  At  Wood  point,  the  quarry,  owned  by  the 
Reid  Bros.,  has,  for  the  last  eight  years,  mainly  produced  grind- 
stones, the  principal  markets  for  which  are  in  the  United  States  and 
eastern  Canada. 

In  the  northern  part  of  the  province  extensive  quarries  in  grey 
stone  were  in  operation  for  many  years,  especially  in  the  Miramichi 
district  where  beds  of  the  peculiar  grit  abound.  At  the  present  time 
all  these  old  quarries  are  closed  and  the  only  one  now  worked  is  at 
the  terminus  of  the  Indiantown  branch  railway  on  the  Miramichi, 
about  twenty-one  miles  west  of  the  bridge  (Intercolonial)  across  the 
river.  One  of  the  most  important  of  the  old  quarries  on  the  lower 
Miramichi  near  Newcastle  was  the  French  Fort  or  Fish  quarry, 
from  which  the  stone  for  the  Langevin  block  in  Ottawa  was  taken. 
This  stone  is  an  olive  green,  works  readily,  and  hardens,  like  many 
freestones,  on  exposure  to  the  air. 

The  quarry  at  Indiantown  is  very  similar  in  character.  The 
formation  is  Millstone-grit  and  plant  bearing  beds  are  found  between 
the  beds  of  massive  sandstone.  The  stone  is  also  olive,  and  occurs  in 
a  high  bluff  which  is  easily  reached,  the  beds  ranging  in  thickness 
from  sixteen  inches  to  eight  feet  with  a  lower  bed  of  over  ten  feet, 
the  bottom  not  being  reached.  The  layers  are  practically  horizontal 
and  regular  and  the  stone  dresses  readily  with  a  sharp  edge.  This 
quarry  was  opened  about  eight  years  ago.  The  quarry  is  equipped 
with  steam  derricks.  The  quarry  is  owned  by  W.  Hood  and  Son  of 
Montreal,  and  the  output  for  the  season  of  1905  was  about  20,000 
feet  of  rough  dressed  stone  valued  at  $8,000,  and  700  tons  of  rubble. 
The  output  is  hindered  occasionally  by  the  scarcity  of  labour.  Part 
of  the  output  is  admirably  suited  for  pulp  stones  of  which  twenty- 
five  were  made  weighing  about  two  and  a  half  tons  each.  The  stone 
finds  ready  sale  in  Montreal  and  the  western  cities  of  Ontario. 

On  the  south  side  of  Chaleur  bay  several  quarries  producing 
excellent  grindstone  are  in  operation.  Of  these  the  principal  one  is 
owned  by  Joseph  Reed  and  Company,  and  has  been  in  operation  since 
1844  when  it  was  opened  by  Messrs.  Sprague  of  Boston.  It  was  taken 
over  by  the  present  firm  in  1852. 

The  beds  of  grindstone  grit  have  a  thickness  of  about  twenty-one 
feet,  and  this  formation  is  overlaid  by  chocolate-brown  shales.  The 
beds  are  almost  horizontal  or  dip  southeast  at  an  angle  of  one  to  two 
degrees.  The  quarry  is  opened  on  the  beach  and  the  water  is  kept 
out  by  a  well-built  dike,  and  by  the  aid  of  steam  pumps.    It  is 
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operated  for  about  five  and  a  half  months,  but  is  flooded  in  winter  ix» 
order  to  preserve  the  stone  from  the  action  of  frost. 

In  addition  to  grindstones  of  all  sizes  a  considerable  quantity  of 
scythe  and  other  small  stones  is  made.  The  yearly  product  is  about 
2,700  tons.  Other  quarries  are  found  in  practically  the  same  reef 
which  shows  along  the  shore  for  some  miles.  These  are  Noel's  at 
Clifton  and  a  quarry  at  Grand  Anse  from  which  both  grinding  an<T 
building  stone  are  produced.  The  latter  was  employed  in  the  con- 
struction of  the  new  Roman  Catholic  church  at  that  place.  Other- 
small  quarries  are  found,  opened  for  local  purposes  apparently,  but 
from  which  no  returns  are  made  to  this  Department. 

Among  these  may  be  mentioned  a  quarry  at  Scotch  settlement,  at 
the  head  of  Shediac  river,  known  as  McSweeney's,  the  output  of  which 
was  used  in  the  Roman  Catholic  church,  Moncton;  at  Cocagne  at 
the  crossing  of  the  Moncton  and  Buctouche  railway,  the  stone  being- 
of  both  purple  and  grey  varieties,  and  used  in  the  Young  Men's 
Christian  Association  building  at  Moncton;  and  a  quarry  along 
the  line  of  the  Canadian  Pacific  railway  between  Fredericton  and 
Fredericton  Junction  where  the  stone  for  the  provincial  Parliament 
buildings  was  obtained,  the  output  also  being  in  two  shades,  grey 
and  purple. 

SLATES. 

No  beds  of  slate,  of  value  sufficient  to  warrant  the  expense  of 
opening,  have  as  yet  been  found  in  the  province,  nor  is  there  any  in- 
dication that  such  beds  exist,  though  the  slate  formation  as  a  whole 
is  of  large  extent.  The  great  cost  attendant  on  opening  a  quarry  of 
slate,  even  in  very  favourable  circumstances,  and  the  comparatively 
small  demand  for  the  manufactured  article,  are  such  as  to  render 
competition  with  the  large  quarries  of  eastern  Quebec  or  of  Wales 
practically  impossible. 

Flag  stones  and  hearth  stones  can  be  found  at  several  places,  but 
the  demand  for  the  former  has  greatly  fallen  off  for  sidewalks  owing 
to  the  use  of  granolith  or  asphalt,  while  in  the  absence  of  blast 
furnaces  there  is  at  present  no  local  demand  for  the  latter.  These 
were  at  one  time  obtained  from  red  beds  along  the  Tobique  and 
Becaguimec  valleys,  and  were  used  locally  while  the  Woodstock  iron 
furnaces  were  in  operation. 

CLAY8. 

Both  brick  and  fire  clays  occur,  the  former  being  used  locally  to 
some  extent,  but  no  attempt  has  yet  been  made  to  utilize  the 
latter,  which  occurs  in  connexion  with  the  coal  seams  both  at  Minto 
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and  at  Beersville.  Brick  yards  are  quite  numerous  about  St.  John, 
of  which  probably  the  principal  are  owned  by  Messrs.  John  Lee  and 
Company,  with  yards  on  the  east  side  of  Courtney  bay  near  the 
mouth  of  Little  river.  The  output  from  these  is  about  2,000,000 
common  brick,  100,000  pressed  and  10,000  drain  tiles  yearly,  but  in 
1905  the  common  brick  amounted. to  2,800,000.  Messrs.  D.  Mooney 
and  Son  also  operate  extensive  brickyards  at  Fairville,  the  figures  of 
recent  output  not  being  to  hand. 

The  yards  at  Fredericton,  owned  by  Messrs.  Ryan  and  Son,  in 
1905  produced  1,400,000  common  brick  and  20,000  tiles.  Those  at 
Fairville,  owned  by  Messrs.  Mooney  and  Son,  produced  about 
1,000,000  common  brick. 

Other  yards  are  found  at  Bathurst,  Chatham,  Lewisville,  Moncton, 
Newcastle,  St.  Stephen,  Sussex,  Marysville,  Woodstock,  &c.,  but  of 
tLo.'c  no  official  returns  are  available.  Recently  a  new  deposit  of 
clay  marl  was  opened  on  the  bank  of  the  Salmon  river  about  three 
miles  from  Harcourt  by  Mr.  Van  Buskirk  and  the  first  kiln  was  being 
prepared  for  burning  in  August  last,  1906,  the  results  of  which  have 
not  been  learned. 

silica. 

Silica  and  infusorial  earth  have  been  known  for  many  years.  Of 
the  latter,  deposits  are  found  in  the  beds  of  several  lakes,  as  in 
Pollet  River  lake  and  Pleasant  lake  in  Kings  county,  and  in  Fitz- 
gerald lake  a  few  miles  east  of  St  John.  Of  these  the  Pollet  Lake 
deposit  has  to  some  extent  been  worked,  the  lake  having  been  drained 
several  years  ago,  and  preparations  are  now  being  made  to  ascertain 
its  commercial  value.  Fitzgerald  lake  was  also  drained  and  is  being 
carefully  tested,  but  only  small  shipments  have  as  yet  been  made 
from  either  of  these  localities.  Though  of  good  quality  the  distance 
of  several  of  these  deposits  from  transportation  facilities  is  such  as 
to  entail  considerable  expense  in  shipment  of  the  raw  material.  This 
mineral  is  of  organic  origin,  thus  differing  from  ordinary  deposits 
of  silica. 

Silica  proper  occurs  in  Charlotte  county  near  Black  harbour  and 
has  been  utilized  to  some  extent  in  the  manufacture  of  polishing- 
powder,  scouring  soap  and  for  fillings  of  wood,  &c.  The  deposit  is 
described  in  Dr.  Bailey's  report  as  occupying  from  one  to  two  hun- 
dred acres  with  a  thickness  of  about  ten  inches  in  places.  It  is  practi- 
cally a  fine  silt.  Analysis  by  Messrs.  Ledoux  and  Ricketts  of  New 
York  is  as  follows: — 

Silica   72-65 

Alumina   17*93 

Sesquioxide  of  iron   0-57 
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—with  small  quantities  of  lime,  and  magnesia  and  some  contained 
water.  This  property  is  now  owned  by  Mr.  G.  W.  Ganong  and  others 
of  St.  Stephen. 

MINERAL  PAINTS. 

Only  few  deposits  of  this  substance  are  known  and  none  appear 
to  be  utilized,  or  at  least  to  but  a  small  extent.  A  brown-red  ochre 
is  found  near  Edgett  landing  in  Hillsborough,  Albert  county,  which 
burns  to  a  fine  Ted  powder,  but  the  quantity  of  this  mineral  has  never 
been  ascertained. 

On  the  Northwest  Miramichi  near  Chaplin  island  the  slates  of 
the  area  are  covered  with  a  deposit  of  red  ochre  which  fills  the  seams 
in  the  underlying  rocks.  It  has  been  regarded  by  some  as  an  iron 
ore  of  economic  value,  but  the  quantity  is  too  small  to  be  of  im- 
portance, and  it  appears  to  be  rather  an  exudation  from  the  bank  of 
red  clay  which  covers  this  part  of  the  country.  No  other  occurrences 
are  recorded. 

MINERAL  SPRINGS. 

Saline  springs  occur  at  several  points  in  the  valley  of  the  Kenne- 
becasis  river  as  at  Plumweseep,  four  miles  north  of  Sussex;  at  Salt 
Springs  brook  in  the  parish  of  Upham;  to  the  north  of  Anaganoe 
near  the  head  of  Smith  creek;  and  on  the  Tobique  in  Victoria 
county. 

At  the  salt  springs  near  Sussex  the  manufacture  of  salt  by  eva- 
poration has  been  carried  on  for  many  years,  though  on  a  small 
scale,  the  output  rarely  exceeding  150  to  200  barrels  per  year.  It  is 
regarded  as  of  special  value  for  domestic  and  dairy  purposes  and  sells 
readily  for  $2  to  $3  per  barrel.  The  evaporating  plant  is  small  and 
is  run  only  during  warm  weather,  though  the  supply  of  brine  from 
the  spring  is  sufficient  for  a  much  larger  and  continuous  plant.  It 
would  seem  possible  with  a  well  constructed  modern  plant  to  main- 
tain an  industry  at  this  place  equal  to  that  in  western  Ontario,  where 
the  manufacture  of  salt  by  evaporation  has  assumed  large  propor- 
tions. In  Ontario  also  the  ground  was  well  tested  by  boring,  and 
heavy  beds  of  salt  were  found  at  depths  of  more  than  1,000  feet  from 
the  surface.  In  New  Brunswick  but  little  attempt  has  been  made  in 
this  direction  though  a  couple  of  holes  were  sunk  some  years  ago, 
but  these  were  merely  shallow  wells,  the  deepest  recorded  being  only 
330  feet.  In  view  of  the  fact  that  the  gypsums  are  abundant  in  some 
parts  of  this  area  it  would  seem  advisable  to  thoroughly  test  the  dis- 
trict with  several  holes  sunk  to  a  considerable  depth  to  ascertain 
whether  underlying  bodies  of  salt  do  not  exist  in  this  part  of  the 
province. 
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Analysis  of  the  Sussex  brine  from  the  Salina  spring  near  Upham 
is  as  follows:— 

Per  Mill. 

Potassium  chloride   19-963 

Sodium  chloride   1293-648 

Magnesium  chloride   22-315 

Sulphate  of  lime   268-212 

Sulphate  of  magnesia   11-336 

The  strength  of  the  Sussex  brine  is  given  at  20  per  cent.  The 


manufacture  and  shipment  of  mineral  waters  has  now  reached  con- 
siderable proportions.  In  Sussex  on  Mr.  S.  H.  White's  place  a  fine 
well  was  obtained  (Artesian)  by  boring,  the  flow  being  through  a 
four  inch  pipe,  and  a  large  plant  for  the  manufacture  of  mineral 
waters  of  several  kinds  has  been  erected  and  is  in  very  successful 
operation.   The  analysis  of  this  water  is  as  follows: — 

Grains. 

Potassium  chloride   0-21 

Sodium  chloride   2-10 

Sodium  carbonate   26-35 

Carbonate  of  lime   1-47 

Silica   105 


30  53 

Traces  of  hydrogen  sulphide  are  found  in  this  water  and  can  be 
detected  both  by  smell  and  taste.  The  waters  of  Upham  are  also 
quite  extensively  bottled  under  the  name  '  Mahpu,'  as  also  the 
waters  from  a  spring  in  Havelock  north  cf  Petitcodiac,  Kings 
county.  No  returns  from  any  of  these  springs  have  been  sent  to 
this  Department,  though  the  industry  promises  to  become  a  some- 
what important  one  in  a  comparatively  short  time. 

ROAD  MATERIAL. 

The  supply  of  a  good  road  material  for  use  in  city  streets,  as 
also  in  the  country,  has  always  been  an  important  problem.  For 
many  years  the  softer  rocks  such  as  limestone,  sandstone  Ac.,  were 
employed,  but  these  speedily  wear  out  and  leave  great  quantities  of 
dust  in  fine  weather  and  of  mud  when  it  is  wet. 

In  cities  like  Fredericton  and  St.  John  the  presence  of  masses  of 
igneous  rocks  has  been  recognized.  In  the  latter  city  the  green  dia- 
base found  with  the  limestones,  and  the  granite  at  many  points 
around  the  city,  should  furnish  an  unlimited  supply  of  good  road 
material,  while  near  Fredericton  the  basalt  of  Clark  mountain  is  also 
available,  and  easy  of  access. 
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CONCLUSIONS. 

It  will  be  seen  from  the  foregoing  remarks  on  the  various  minerals 
found  in  this  province  that  the  actually  profitable  mining  is  con- 
fined to  the  non-metallic  minerals  at  present  comprising  the  coal, 
gypsum,  building-stone,  shale  deposits,  clay,  &c,  and  sufficient  has 
been  said  to  show  that  in  most  cases  these  industries  can  be  largely 
developed  under  proper  attention  to  business  requirements,  and 
worked  at  a  profit.  As  to  the  ore-deposits  proper,  but  little  can  :it 
present  be  said  in  their  favour.  Large  sums  of  money  have  been 
spent  in  futile  attempts  to  develop  certain  of  these,  much  of  which 
it  is  only  fair  to  say  might  have  been  avoided  had  a  proper  examina- 
tion of  the  territory  by  competent  and  disinterested  persons  been 
made.  Of  these  large  expenditures  it  is  safe  to  say  that  only  a  very 
small  proportion  has  been  returned  to  the  investors. 

In  the  copper  industry  all  attempts  at  mining  have  been  disas- 
trous, owing  principally  to  the  small  amount  of  the  mineral  itself 
in  all  the  occurrences  as  yet  known,  and  to  the  broken  nature  of  the 
deposits,  since  although  there  have  been  a  number  of  occurrences  of 
good  ore,  in  no  case  have  these  been  sufficiently  extensive  to  make 
profitable  returns  on  investment.  The  silver  and  galena  ores  are  too 
poor  in  silver  to  render  its  extraction  profitable,  especially  in  view 
of  the  small  size  of  the  lead  veins.  The  manganese  ores  were  for 
some  years  worked  profitably  owing  to  the  finding  of  large  pockety 
masses  of  excellent  quality,  but  of  these  the  largest  deposits  and  those 
of  the  highest  grade,  have  long  been  exhausted  apparently,  or  at  least 
but  small  attempts  have  been  made  to  find  a  further  continuance  of 
the  same,  while  the  uncertain  pockety  nature  of  the  occurrence  ren- 
ders more  difficult  its  profitable  exploitation.  The  new  discoveries  in 
iron  appear  to  indicate  a  possible  profitable  field  for  investigation  if 
the  cost  of  transport  is  not  excessive.  As  regards  the  bituminous 
shale  industry  and  the  associated  albertite  there  appears  to  be  a 
promising  field  for  the  investment  of  capital  skilfully  applied,  though 
the  recent  investigations  of  these  in  the  search  for  oil  have  not  .»s 
yet  given  promising  results. 
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